Latensification of four photographic emulsions by post exposure to radiation in the spectral region from 0.36 to 0.68 microns by Roberts, Lieutenant George Hoffman
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Dissertations and Theses (pre-1964)
1955
Latensification of four photographic
emulsions by post exposure to
radiation in the spectral region






LATENSIFICATION O F FOUR PHOTOGRAPHIC EMULSIONS BY 
POST E XPOSURE TO RADIA TION IN THE SPECTRA L REGION 
FROM 0. 36 TO 0 . 68 MICRONS 
by 
LIEUTENANT GEORGE H. ROBERTS 
(B.S., UNIVERSITY OF PITTSBURGH, 1952) 
Submitted in partia l fulfi lment of the 
requirem ents for the d egree of 





. ~. /(.~ . 








TABLE OF CONTENTS 
Page 
Introduction 
A. Latensification - Its Definition and Use. . . . . . . i 
B. Other Methods of Increasing Sensitivity. . . . . . . 11 
C. Previous Work with Latensification ••••••••• ii 
Statement of Problem •••••••• · • • • • • • • • • • • • 1 
Equipment and Materials 
A. Film and Filters. . . . . . . . . . . . . . . . . . . 
B. Sensitometer. . . . . . . . . . . . . . . . . . . . . 
2 
4 
C. Light Source • • • • • • • • • • • • • • • • • • • • • 6 
D. Processing Equipment. • • • • • • • • • • • • • • • 6 
Experimental Procedures 
A. Calibration of L ight Source. 
B. Reciprocity Failure ••••• 
c. Latensification Procedures. 
. . . . . . . . . . . . . 
. . . . . . . . . . . . 




D. Processing. . . . . . • . . . • . . . . . . . . . . . 17 
Data . .....•..•.••.••..•.•.•..•..• 19 
Analysis 
A. Methods of Speed Analysis. • • • • • • • • • • • • 44 
B. Optimum Speed Increases. • • • • • • • • • • • • • 46 
c. Effect of Wavelength, Tim!, and Intensity. . . . . . 
D. Microfile Results •••••• . . . . . . . . . . . . . 
Ch VII Conclusions 
A. Effect of Wavelength. . . . . . . . . . . . . . . . . 
B. Effect of Intensity. • • • • • • • •• . . . . . . . . . 







D. Practical Application of Latensification. • 93 
E. Effect of Extended Development on Microfile. • 93 
F. Special Application of Fine Grained Emulsions. 94 
G. Theoretical Considerations of Latensification. • • • 95 
Ch VII Recommendations 
A. Recommendations for Future Investigation. • • • • 97 
B. Recommendations for Experimental Procedure. 97 
c. Recommendations Concerning Applications. 98 
Appendix A - Filter Factor Data. • • • • • • • • • • • • • • • • • 99 
Appendix B - Latensification Data. • • • • • • • • • • • • • • • • 100 
Bibliography. 
Abstract ••• 
. . . . . . . . . . . . . . . . . . . . . . . . . . . 



















LIST OF ILLUSTRATIONS 
Eastman K odak Type I-B Sensitometer ...•. 
Da r kr oom System For Latensific ation •... . . . . . . 
Schematic of Light Source ..•.•.... . . . . . . . . 
Constant Agitation Developing Apparatus. 
MacBeth Illuminometer ..•.•• . . . . . . 
Calibration of Disk Light Source. . . . . . . . . . . 
Charac te r istic Curve For Royal Pan. . . . . . . . . 
Control and Latensified Curve Producing Maximum 
Speed Ratio (White , Red , Green, Blue and U. V. 
Re spectively) ••.•.•••.•.•.••••••• 
Characteristic Curve For Aer o R econ. 
Contr ol and Latensified Curve Producing Maximum 
Speed Ratio (White, Red, Green, Blue & U. V. 
Respe c tively) .•••.•.••.••.••.•••• 
Characteristic Cur ve For Plus X •••••••••••• 
C ontr ol and Latensified Curve Producing Maximum 
Speed Ratio (White, Red, Green, Blue & U. V. 
Respectively). . • . • . • • • • • • 
C ontrol Curve For Microfile (D -23). 
Control and Latensified Curve Producing Maximum 
Spee d Ratio (White , Red, Green, Blue & U. V. 
Respectively) •.••.•••••••.•••••• 
Derivation of ASA and H&D Speeds .•••••••.•• 
lla-llj Speed Ratios and Fog Densities Produced by Various 
Exposure Times For All Spe c t r al Regions, 






















Speed Ratios and Fog Densities Produced by Various 
Exposure Times For All Spectral Regions (Aerial 
Super XX, Reconnaissance Base) •••••••••••• 
Speed Ratios and Fog Densities Produced by Various 
Exposure Times For All Spectral Regions (Plus X) •• 
Speed Ratios and Fog Densities Produced by Various 












LIST OF TABLES 
Page 
ASA Exposure Index Ratings of Four Emulsions ••••• 3 
Spectral Regions and Transmi ttance Data F o r Four Filters 4 
Intens ity of Source As A Function of Voltage. 12 
Intensity of Sourc e As A Function of D i stance and Voltage 16 
Pr ocessing Data and Resultant Gamma of Each Emulsion 18 
Maximum Speed Increase For All Spectral Regions For 
Each Emulsion By ASA, • 5 Gamma, and H&D Speed 
Methods. . . . . . . . . . . . . • . . . . . . • . . . . 47 
VI b Optimum Speed Gain Produced By Most Efficient Spectral 
Region, Intensity, and Time For Each Emulsion. 49 
VI c Maximum . 5 Gamma and H&D Speeds For Microfile 
With Normal and Extended Development. • • • • • 50 
VI d Maximum . 5 Gamma and H&D Speeds For Microfile 
Developed In Microdo l ( 1 :4) 6. 5 Minutes •••••• . . 
Appendix A 
Appendix B 
Filter Factors Used In Experimental Work For 
Royal Pan, Aerial Recon, Plus X, and 
Microfile Emulsions •••••••.••.• 
Data For Each Control and Latensified Strip 
For Royal Pan, Aerial Recon, Plus X, and 





To the following people, I should like to extend my sincerest 
thanks for their contributions to this thesis. 
Hutson K. Howell and Raymond L. Dussault for their concern 
and their effort in extending to me advice and suggestions through-
out the experimental and writing stages of this thesis. 
Miss Adelle Goos for her assistance with the sensitometric 
evaluation. 
The staff of the Boston University Physical Research Labora-
tory for their cooperation and assistance at many times through-
out this effort. 
To an exceptional helpmate and morale builder during the long 
arduous hours - my Wife 
CHAPTER I 
INTRODUCTION 
A. Latensification - Its Definition and Use 
i 
I n photography we find many words which have a variety of interpre-
tations. The word latensification is in this category. Latensification is a 
combination of the phrase "laten t image intensification." (Evidence indi-
cates the latent image to be specks of metallic silver in the silver halide 
grains formed by the action of light. These specks initiate the reduction 
of the entire grain to silver by a developing agent. ) The above phrase, 
however, is not an accurate description since the process of increasing 
both density and contrast is termed intensification (Ref. 9) and the usual 
result of latensification is a reduction of the contrast. One defin ition of 
latensification is given as: ''Procedures applied after the differential 
exposure and found to produce the extension and intensification of image " 
(Ref. 11). This is an excellent definition if we consider intensification as 
onl y the increasing of density. Latensification can be defined simply as 
a process applied after exposure and before development to increase the 
speed or sensitivity (reciprocal of the exposure required to produce a 
given result) of an emulsion. The prime purpose of latensification, then, 
is to increase the speed of an emulsion, or, in other words, to be able to 
obtain a better negative from an underexposure then would be produced by 
normal development .or even extended development. 
B. Other Methods of Increasing Sensitivity 
Latensification is one of five principal methods of increasing film 
speed. As has been explained above, laten sification occurs after the 
initial exposure. Other meth ods may be applied before exposure, during 
e x posure, during deve l opment, or after development. Hypersensitizing, 
or treatment before exposure is comparable to latensification and both 
use similar processes. Both procedures may make use of bathing in 
ammonia, solutions of amines and other silver salts . It is eas ily seen 
that pre - exposure bathing would have certain inconveniences not encoun-
tered in post-exposure bathing. Treatment by mercury vapor is common 
to both procedures. Finally a treatment by light may be used effectively 
ii 
by either pre -fogging or post-exposure fogging of the emulsion. Treat-
ment during developmen t by energetic developers is the other major method 
of increasing emulsion speed. The two other types of treatment, during 
exposure or after development, are not widely used. Of these various 
methods of increasing emulsion speed, latensification by post-exposure 
was chosen because of simplicity of operation, both in laboratory techniques 
a n d application of results. Reports of p revious work, described in the 
next paragraph, gen erally indicate a preference for l atensification over the 
other methods. 
C. Previou s Work with Laten sification 
Histor i cally, latensification dates back to the early days of wet col-
lodion (Ref. 9 ). (From here throughout the rest of the thesis, latensification 
shall refer to a n attempt to increase emulsion speed by a uniform post-
exposure.) It is therefore no t a recen t development. There is unanimous 
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agreement by workers in the field that the exposing light should be of l ow 
intensity. Some relate the intensity should be s u fficient to produce a fog 
density of approximately 0 . 2 (Ref. 9 and 2) and others report twice the 
normal fog leve l will produ ce the maximum speed increase (Ref. 8). With 
low inten sity radiation exposure times of from 15 to 6 0 min utes are recom-
mended. No referen ce work was fo u nd indicating .a detailed study of various 
wavelengths and their effect on the speed but it has been stated that the color 
of the exposing light is not important (R ef. 9). Speed in creases of from 2-4 
times on some low and medium -speed pan chromatic materials have been 
obtain ed. For high-speed emulsions the speed gain is found to be less. 
An importan t con sideration , which influences greatly any choice of 
metho d for increasing film speed, is the effect on graininess or resolving 
p ower. It has been foun d that laten sific.ation by light does not appreciably 
affect the grain size of the emulsion (Ref. 8) and this in turn means the 
resol ution will no t be adversely affected. Tests c onducted by Mr. Hutson 
K . Howell , of the Boston U n iversity P hysical Research Laboratory a n d 
others indicate definitely that high speed developers cause a sizable in-
crease in grain size. This increas e in grain size is to be avoid ed if pos-
sible. The above are some of the gen eral results found con cerning laten-
sification. 
CHAPTER II 
STATEMENT OF PROBLEM 
The chief purpose of this research was to study by standard sensi-
tometric procedures the effect of post-exposure to low intensity light on 
representative s l ow, regular, high, and extra - high speed emulsions. To 
be included in this study was the effect of wavelength on latensification and 
a search for an optimum intensity-time product to yield maximum speed 
increases for each emulsion investigated. A secondary purpose was to 
examine latensification of a very slow fine grained emulsion for possible 
use in small high quality aerial camera systems, in which the emulsion 
grainin ess is the limiting factor when used with conventional higher speed 
emulsions. Therefore special attention was given to Eastman Kodak 1 s 
Microfile, a very fine grained panchromatic emulsion. A representative 




EQUIPMENT AND MATERIALS 
A. Film and Filters 
2 
The emulsions to be used were chosen to be representative of four 
broad speed ranges. These speed ranges are classified in the terminology 
of the U.S. Air Force as: 1) extra high speed 2) high speed 3) regular 
speed 4) low speed. The exposure index for each class is given below. 
One film type was chosen to represent each class. It was realized that 
it might have been desirable to use several emulsions in each class, but 
the factor of time limited further investigation. 
The sensitivity of an emulsion is determined primarily by the average 
grain size and the larger the grain size, the more sensitive it is to an ex-
posure. The prime disadvantage of a very high speed emulsion is simply 
large grain and its effect on overall image quality. If enlargement is neces-
sary the 11 graininess 11 may become intolerable. A very fine grain film is 
essential for enlargement of 8 to 10 diameters, which is the case in aerial 
photography using miniaturized equipment (Ref. 10). Eastman Kodak Micro-
file was chosen as a potentially useful material in this category. Table Ilia 
below shows the pertinent information concerning each of the emulsions used 
in this work. 
TABLE lila 
ASA EXPOSURE INDEX RATINGS OF FOUR EMULSIONS 
Film 
Royal Pan 
Aerial Super X X 
Plus X 
Micro file 











Some work had been done on Aero Tri-X, Class N, a n emulsion in 
the extra high speed class, but this was abandoned after it was learned 
that it would soon be obsolete through replacement with a new type of 
emulsion similar to Royal Pan and this emulsion was therefore used to 
represent the extra high speed class. Royal Pan is a new advancement 
in emulsion sensitivity since it has twice the speed of Super XX with no 
increase in grain size. It has been suggested that this emulsion may 
yield much greater results, speedwise, by underexposure and special 
development (Ref. 6 ). It was desired therefore to see what could be done 
with latensification and regular development. Aerographic Super XX} re.., 
connaissance base film (Glass L, Type 1-B) is widely used by the U .S. 
3 
Air Force and was chosen to represent the high speed class. Kodak Plus -X, 
a fine -grain panchromatic film, wide ly used in minature camera work was 
considered as an excellent example for the regular speed class. 
Latensification has n ot been reported to be more effective for any 
(1) To be called "Aerial or Aero R econ " for brevity throughout this thesis. 
specific spectral region. Rather it has been stated that latensification 
is independent of color (Ref. 9). It was desired, then, to verify or 
disprove these previous results by use of several spectral regions in 
addition to white light. Since the spectral sensitivity of the emulsions 
used does not extend to any significant degree below . 36 microns in the 
blue or • 68 microns in the red, this region was divided into four bands 
as indicated below. The filters chosen are listed below in Table Illb. 
TABLE Illb 
SPECTRAL REGIONS AND TRANSMITTANCE DATA 
FOR FOUR FILTERS 
4 
Filter Color Spectral Region Max. Trans. Dominant" 
Wratten 25A Red 600 mu to film limit 89. 5% 700mu 615.lmu 
Wratten 58 Green 470 - 610mu 53. 6% 530mu 540. 2mu 
Wratten 4 7B Blue 380 - 490mu 48.3% 500mu 463. 7mu 
Corning 7-54 UV 230 - 400mu 330mu 
B. Sensitometer 
All sensitometric strips were exposed on the Eastman Kodak Type 
1-B Intensity-Scale Sensitometer. A schematic diagram is shown in 
Figure 1. The intensity falling on the emulsion is modulated by a 21 step 
!fl carbon in-glass step tablet. Five slits permit exposure from • 01 
second to 1 second. Longer exposure times may be obtained by means 
of an auxiliary shutter if needed. A #78AA filter in combination with a 
2860°K tungsten lamp produces illumination of daylight quality. 
Figure . . I. . . EASTMAN KODAK TYPE I-8 SENSITOMETER 
C. Light Source 
A stable uniform light source was required because of the large 
number of sensitometric strips being latensified over a long period of 
time. A lamp was required which was not directional, i.e., of uniform 
brightness in all directions, and in which neither filament shadow nor 
striae in the glass enve l ope are evident in the field. Several lamps were 
checked by observing the illumination on a white background several feet 
away. The procedure for calibration of the completed light source is 
given in Chapter IV. As seen in Figure 2b, a ground glass and an opal 
glass diffuser were inserted in the optical path. These diffusers were 
used to produce a uniform circular disc as the latensifying source. 
The bulb selected for this investigation was the GE#l493, 6 volt, 
20 watt bulb. A rheostat was used to enable operation at slightly lower 
than normal voltage to prolong the life of the light source. The lamp 
was operated from a 150 watt Sorensen regulator. 
D. Processing Equipment 
Processing was done in a sensitometric processing unit designed 
6 
by Mr. William Drumm and Mr. Hutson K. Howell of the Boston University 
Physical Research Laboratory. This processor meets the ASA require-
ments for agitation. A 1000 cc. Dewar flask inserted in a stainless steel 
jacket serves as a container for a four sectioned lucite framework which is 
attached to a tight fitting rubber stopper. One 35mm film strip may be 
placed in each section permitting free access of the developing solutions 
/ 
Fig. 2a 















to all film surfaces at all times. Removal of the stopper removes all films 
immediately. The stainless steel jacket has a tight-fitting lid, and this 
combined with the rubber stopper makes the flask light-tight. After insert-
ing the film in the flask the time of constant agitati on may be carried on in 
the light. The device agitates by tilting the vacum flask back and forth from 
a position 45 degrees below a horizontal axis to 45 degrees above once every 
4 seconds, and at the same time revolve.s it aboot its own axis approximately 
once every 15 seconds (Ref. 3). See Figure 3. 
9 
Fig. 3 




A. Calibration of Light Source 
The opal disk source was calibrated by measuring the luminance as 
a function of voltage and examined to insure that the intensity was uniform 
over the entire surface. A Macbeth Illuminom eter, the principal part of 
which is shown in Figure 4, was used to calibrate the light source. {A 
detailed description of the Macbeth may be found in Ref. 12). 
The Macbeth readings are given in units of illuminance E {ft. - can-
dles ). An average value of E was obtained from eight separate readings 
made over the 2 inch disk. These individual readings were found not to 
vary more than "± 5o/o from the average value. 
The values of E d .etermined with this illuminorl)eter can be converted 
to luminance units by the following relationship. 
To compute the total intensity I of the source, the luminance, B, must be 
multiplied by the area, A, and, since in photography metric units are nor-
·< 
mally;. used, a conversion factor is included. 
I = BA/. 0929 = EA/. 292 
The calculated values of intensity are given in Table IVa as a function of 
voltage. The data in Table IVa is plotted in Figure 5. 
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Several spot checks were made throughout the period latensification 
experiments were performed to insure that the source remained constant. 
B. Reciprocity Failure 
12 
There are a number of factors that may affect the estimation of proper 
exposure to obtain a given density. These are: 1) color temperature, 
2) reciprocity failure, 3) age of emulsion and developer. In several early 
exposures the shorter high intensity exposures produced the expected results, 
but prolonged exposure at lower intensity failed to produce sufficient density 
to the latensified emulsions. After several tests color temperature differ- . 
ence was dismis .sed as both the high efficiency tungsten lamp of the I-B Sens-
itorneter and the GE lamp gave very similar results. Film and developer 
were fresh. While time and facilities did not permit precise reciprocity 





















3. 0 3.5 4. 0 4 . 5 5.0 5.5 6.0 
VOLTAGE (VOLTS) 
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some instances even higher should be applied to the time of exposure. It 
has been previously reported that the failure of reciprocity is nearly inde-
pendent of wavelength (See Ref. 7); therefore, nearly equal factors were 
applied for the various wavelengths. A brief discussion of reciprocity will 
be given here since it is intimately connected with the effect of latensifi-
cation. The law which states that E=It does not hold for extreme values of 
I and t. Two distinct types of reciprocity failure exist at high intensity 
and low intensity. The Gurney-Mott theory attributes high intensity failure 
to sluggishness of interstitial silver ions. (The silver halide crystals 
are made up of positively charged silver ions and the corresponding nega-
tively charged halide ions, arranged in symmetrical structure. This struc-
ture is of the same cubical type as sodium chloride. Because of temperature 
effects certain ions are displaced from their regular positions, these being 
called interstitial ions.) Slow moving silver ions are not able to neutralize 
the great number of released electrons of the high intensity exposure. The 
rate of growth of the sensitivity centers is therefore slower. 1 
It is the low-intensity failure which is prevalent in this investigation. 
It has been suggested that low-intensity failure arises from a thermal dis-
in tegration of the latent image. The instability of the sensitivity speck, 
existing as only a clump of a few silver atoms, allows the ejection, by 
(1) However many of the rejected electrons are later trapped in the interior 
of the grain and no reciprocity failure has been detected for a purely internal 
latent image. See Ref. 4. 
15 
thermal action, of an electron into the surrounding silver ion (Ref. 7). 
If a low-intensity exposure is preceded by a high-intensity near optimum 
exposure, it then becomes efficient in making undevelopable sub-image 
grains into developable full image grains. In summary then, a low-intensity 
exposure is not well suited to starting latent-image growth but serves well 
in producing developable grains from ordinarily non-developable sub -latent 
image specks. 
C. Latensification Prodedures 
All emulsions were given a normal sensitometric exposure on the 
Eastman 1-B Sensitometer. Estimates were made of the amount of ex-
posure necessary to produce various fog densities from the control char-
acteristic curve for each emulsion. These estimated exposure values 
were used as a basis for the amount of latensification necessary to pro-
duce densities from . 1 to . 4 above the fog level of the characteristic curve. 
It was expected that this range of densities should be sufficient to produce 
maximum speed increase. Table IVb was used to obtain the intensity of 




INTENSITY OF SOURCE AS A FUNCTION OF DISTANCE AND VOLTAGE 
.(Meter-Candles) x 10-2 
Distance 3 . 5V 4. ov 4. 5V 5. ov 5. 5V 6. ov 
(Meters) 
1 l. 09 2.12 3.34 5.46 8.27 13.6 
2 0.27 0.53 0.84 l. 37 2.07 3.39 
3 o. 12 0.24 0.37 0.61 0.92 1. 51 
4 0. 0 7 0.13 0.21 0.31 0.52 0.85 
5 0.04 0 .08 0. 13 0.22 0.33 0.54 
6 0.03 0.06 0.09 0.15 0~23 0.38 
Throu ghout the work the voltage was kept at 5. 0 volts in order to maintain 
constant color temperature. Had it been desired to increase or decrease 
the in tensity by a slight change in voltage, it is unlikely that this would 
have sign ificant error due to col or temperature difference. 
The emulsions to be latensified were k ept perpendicular to the light 
source by a film board containing metal film holders (Figure 2a). Th.e light 
source was kept at a distance of at least 20 inches (1/2 meter) from the 
strips. It may therefore be considered as a point source since the maxi-
mum dimension of the source is not greater than lOo/o of the distance of ex-
p osure. Only for 2 e xposures or a total of 6 emul sions was the distance 
actually l ess than l meter. Four spectral regions plus white light were used 
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to latensify each of the 4 emulsions used. Four separate intensity levels 
were used with each spectral region and 6 It products for each I were ob-
tained by varying time of exposure. The intensity of the source was deter-
mined by 1) Color Filter, 2) Exposure Distance, 3) Neutral Density Filters. 
A total of 24 latensified strips and eight control strips was obtained for 
each spectral region except in two cases. The response of Microfile to 
the U. V. filter and 47b filter was extremely slow and further decrease of 
intensity was not carried out. The strips were read and plotted, and com-
parison between the latensified and control strips made. 
D. Processing 
The development procedure was similar for all emulsions in that 
all received constant agitation by an automatic agitator (Ch. III Sec. C) and 
the temperature of the developing solution was constant for all at 68°F. 
Differences did exist in the developing agent used for a specific emulsion 
and the time of development. Fixing in Kodak F-6 varied from 5-20 min-
utes and washing was from 20-30 minutes for all emulsions. Table IV c 
shows the processing conditions used for each emulsion. The resultant 




PROCESSING DATA AND RESULTANT GAMMA OF EACH EMULSION 
Film Devel oper T im e Temp Fix Time Resul tant 
Royal Pan DK-60a 6 Min 68°F Kodak F-6 10 -20 Min 0 . 8 9 
Aerial Recon D - 19 8 Min 68°F Kodak F-6 10-20 Min I. 54 
Plus X D-19 8 Min 68°F Kodak F-6 10-20 Min I. 3 9 
Micro file D-23 8 Min 68°F Kodak F-6 5-10 Min 2.16 
Micro file D-ll 4 Min 68°F Kodak F-6 5-10 Min 4 . 22 
Microfile D-ll 8 Min 68°F Kodak F-6 5-10 Min 4.25 




The results of the experimental work are embodied in D Log E 
curves plotted for the control and latensified strips of each emulsion. It 
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is unnecessary to show here all of the more than 800 curves that were 
plotted. Therefore the curve yielding the greatest ASA speed increase a n d 
its control for all spectral regions of each emulsion is reproduced. (The 
data g iven in Appendix B gives the imp ortant details of e x posure time, 
resultant gamma a n d fog l evel, 9-nd corresponding speeds.) 
Intensity of latensified curves is given previous to modification by 
Wratten or Corning filters. (Absolute meter -candle values may be meas-
ured for white light only.) 
Date--------::-
LATENSIFICATION 
Curve Filter Filter I 









TYPE ROYAL PAN i. 
CLASS ____________ _ 
MANUFACTURER F. K I 
EXPIRATION DATE MOV-85 ! . 
EJ\IlULSlON NO. D6!41-:o2 C95 
SENSITOMETRIC DATA l. 
LAMP :i!: 164 3 






ILLUMINATION >-I .2 
DEVELOPER OK- 60a !---'='-~=_,___ (/) 
TIME 6.5 MIN z 
TEMPERATURE 6 8 o F ~ L 0 
DEV. METHOD AS A 
CONTROL CURVE 
ASA SPEED__,_I7_,_7,___ __ 
GAMMA .91 
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RELATIVE LOG EXPOSURE 
Date ____ _ 
L.ATt.NSiFiCATION 
Curve Fi lter Fi lter I 





5. Corrtro I 
6. 
DATA 
t It ASA 
(mcs) Speed 
190 
7 R d I . h' OQ ~n-5~,,,.... . ,e · ._ lg 1 _,_ Xiu •v ~.., !68Csec . 378 
8. 





EXPIRATION O.Li:TE _ __ i. I c. ~ 
EMULSION NO. ___ _ 
SENSITOMETRIC DATA I. 4 I LAMP _______ _ 
EXPOSURE TIME __ _ 
ILLUMINATION >- i 
DEVELOPER ~ 
TIME z 




DEV. METHOD ___ _ 
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2.6 CONTROL M·.JO LATENS!FiED CURVE PRODUCING I 
!v1.~XI MUM SPEED RATIO 
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.6 9 1.2 1.5 1.8 2.1 2.4 2..7 3.0 
RELATIVE LOG EXPOSURE 
N 
N 
Dote ') c II 13 15 A l7 19 21 
LATENSIF!CAT!ON DATA 3_0 111111 1111!1 IIII I 111111 l lllllli lllll! !III li 1111!1 IIIII Ill ill 111111 l iWffill!ll IIIII! ILLIJl lllill 
Curve Filter Fi lter I t 














2.G Fig 6d 
CONTROL AND L.ATEI\JSI FlED CURVE PRODUCII\JG -1--+----·t----+---1 
MAXIMUM SPEED RATIO 
24~-+---1---~--~~---+--~--+----r-~---+--~--+---r-~---; 
7. GREEi'J LIGHT 
3 1.3x!O- MC 72 SEC 378 2.29 
-8. ~Or--+---r--~--+-_,---+---r--~--~_,--+~-r--+---~~---; 
I,/ 
TYPE ROYAL PAN 
CLASS ______ __ 
MANUFACTURER __ _ 
EXPIRATION DATE ___ _ 
EMULSION NO. __ 
SENSiTOMETRIC DATA i I I I ! I I ! A>.,/~ 
LAMP_______ . t:r" / 
EXPOSURE TIME___ 1 / ~ ~ 
ILLUMINATiON . >-I .2 1---+--+---+---+---+--+---+---+--lt---+--+---+---+-v~'---l-/~~--+--+----+---+---+---+---l 
DEVELOPER ' . ~ I ./ / 
TIME-------,--- z I : .). / 
TEMPtRATURE l5 LOt----+--~--+---t---+! ---+----+---+---tl----+--±>-.k/~-+-/--r~r-~---+---+-~t---+----+--+---+---t----1 
DEV. METHOD_____ : I r' / / >/ 
CONTROL CURVE 
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0 .3 t~~~te I 4. 64 .6 .9 1.2 1.5 RELATIVE LOG EXPOSURE 1.8 2.1 2.4 2.7 3.0 
Date _ __ =~ 
LATENSIFICATION DATA 
Curve Filter Filter I 







- -3 7. Blue Ught !J.I xiO MC 6 
8. 
TYPE ROYAL P.AN 1. 
CLASS _____ _ 
MANUFACTURER 
---
EXPIRATION DATE ! . 
t It ASA 
(mcs) Speed 
181 
? sec 322 
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2.8 
Fig 6e 2.6 
CONTROL AND LATENS!FIED CURVE PRODUCING 
MAXIMUM SPEED RATIO 
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' 
v .; ;;' 
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EXPOSURE TIME __ 
ILLUMINATION >-1 . 
DEVELOPER ~ 
2 
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TEMPeRATURE B f. 
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. 0 .3 
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.6 .9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 
RELATIVE LOG EXPOSURE 
Dote __ ~=~ 
LATENS!FiCATIO~ J . DATA 
Curve Filter Fi Iter I . t It 












TYPE ROYAL P.L\l\J 1. 8 Step ro.! CLAS.S ___ __ _ 
MANUFACiURER ____ ~ 
EXPIRATiON DATE I. 6 
EMULSiON NO. 
- - - -
SENSITOMETRIC DATA ! . /! 
LAMP _________ _ 
EXPOSURE TIME __ 
ILLUMINATION ___ r-1 .2 
DEVELOPER ____ U) 
TIME z 
TEMPERATURE ~I. 
DEV. METHOD ___ _ 
CONTROL CURVE 
ASA SPEED'-----
GAMMA FOG LEV:-::E:::-L ___ _ 
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.6 .9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 
RELATIVE LOG EXPOSURE . 
N 
1.11 
Date ____ _ ') 7 9 II 13 15 A l7 19 21 3. 0 111111 111111 II IIIII II! Il l II I II! 11 1111 Ill i I Ill! Ill I ! !Il l : I Ill I lllllll l ~-1 11 11111 11 11 111 111 1111 II i II I LATENSIFICAT!ON DATA 
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T -oo o-~o (I D) Steo. no. I 3 I / YPE At.l\ I d::.C N 0 !. S:t)l,-- ~-... --:,...---.,.-,----,---+--+--··f--f---:---:---+----:---l- -i----t--r/-+1 --+---1---l--+----j 
CLASS ! ~~---+:--~--~~-~---+--~-+--~~--~--+-~ --+--+J-~--+--4/~/--+: --~-~:--+---+--~ 
MANUFACTURER E K ; I 
EXPIRATION DATE FfB-56 l.6t---+1 --+---:1---!---+---+--+---1-~i-----+--+-1 --+--+--+--f--,/,!--i-/--+--+---t-'--+--+-: ---' 
EMULSION NO. 8226-205-7 1 1 ~· 
I 
SENSTOMETR!C DATA ! At---+--+--i.--t--+-1 --+--+1--t---+---+---+--l----+- -+--/-J/4-; -+--+--~-+--+--+--l 
LAMP * 1643 I I I 
EXPOSURE T!ME .0! SEC I I ..l~ 
ILLUMINATION >-1.21---+--+--+-- -+-- +-1 --+--+--f-,--l---+--t---+---+---,-A=---+-_.:_+--+--~-+--+--+--l 
DEVELOPER D - 19 I- I / 
TIME 8 MIN ~ 
1 
1 
TEMPERATURE 68'F ~ LO•r-~---+---+--l---+--+---t----t--+---+--l---+-,....;!)--+--i--l---+--+--+--+---+----J 
DEV. METHOD AS A / / 
CONTROL CURVE 
ASA SPEED----:8'-'-7 __ _ 
GAMMA~~~~-5=1 ____ __ 
FOG LEVEL::-'-'' 1'-'-1 __ _ 
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Date--~::::::-=~ 
LATENS!F!CAT!ON 
Curve Filter Filter I 








t It ASA 
kncs) Speed 
98 
7. White Light 6.2xi0-5MC 
8. 
56!sec 181 
TYPE AERO RECON 1. 8 
CLAS S _________ _ 
MANUFACTURER ____ __ 
EXPIRATION DATE I. c:. 
EMULS!ON NO. ___ _ 
SENSiTOMETRIC DATA L 4 
LAMP ___________ _ 
EXPOSURE TIME ____ _ 
ILLUMINATION >-1 .2 
DEVELOPER ~ 
TIME ____________ z 
TEMPERATURE ~ l. 
DEV. METHOD ___ _ 
CONTROL CURVE 
ASA SPEED _______ _ 
. GAMMA--=-:------
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2.8 I A 
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2.6 Fig 7b ./ / CONTROL AND LATENSIFIED CURVE PRODUCING ...A HI" 
MAXI MUM SPEED RATIO ~ / 
. ./ ./ 
2:" ~E) A~ ~v / 
./ / 
/ j. 
2.? ) / / / 
I / '1( 
I H / 
2.0 / I / ! I t I / 
. I / I 
! / ,;r i 
I ~ I _L I 
I I / 
I i I / 




..; / I ; 
1 I 
I I i 
I I I 
I r;;~ I 
/ I I ! I (D / 
/ I 
/ I 
I / G 





I > / 
I / / 













rmm I Tl II II Ill II II IIIII II II I I II I II II II I I! 1111 II 1111111 Ill II I 11 11111 1111111 II II II :II II II Il l II II illlil! 111 11 11 II! Ill 
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RELATIVE LOG EXPOSURE 
N DATA 
Curve Filter Filter I t It ASA 










7. Red Ught 2.3x 10 MC 3560sec 169 
8. 
TYPE AERO RECON I. 8 Step no. I CLASS __________ __ 
MANUFACTURER ____ __ 
EXPiRATION DATE _____ !. 6 
EMULSION NO .. ____ _ 
I 
SENSITOMETRIC DATA I. 4 I 
LAMP ____________ _ 
EXPOSURE TIME ____ _ 
ILLUMINATiON >-1 
DEVELOPER ~ 
TIME ___________ z 
TEMPERATURE ~ I. 
_2 I 
0 
DEV. METHOD ___ _ 
. CONTROL CURVE 8 
ASA SPEED ____ _ 
GAMMA c:. 
FOG LEV~E=L----- ...... 
BASE LEVEL ___ _ 
A 
2 
(l 111111 11 111 11111111 
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RELATIVE . LOG EXPOSURE 
Date--..---.=:-=-:-
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Curve F~lter Filter I 














7. Green Light 90xl0 MC 5904sec 150 
8. 
TYPE .AERO RECON 
CLASS __________ __ 
MANUFACTURER ____ __ 
EXPIRATION DATE ____ _ 
EMULSION NO. ____ _ 
SENSITOMETRiC DATA 
LAMP ____ ~-------





DEV.METHOD __ __ 
CONTROL CURVE 
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CONTROL .4ND LATENS IFiED CURVE PRODUCING h ..,J 
MAXIMUM SPEED RATIO __.;. 
·-~- -· . ·-··- !'?' ..,....,: 24 / ~ 
1.00 ..;; 7 
/ 
i ?~ .'f' / '-· I I / 7 1.87 ?{ 0 
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RELATIVE LOG EXPOSURE . 
Oate ___ =-=-:-
LATENSIFiCATION DATA 
Curve Filter Fi Iter I t It ASA Speed 







(rncs) Speed Ratio 
91 1.00 
7. Blue Light 
8. 
-3 !.OxiO MC 740sec i62 !.78 
TYP~ AERO RECOf\J 1. 8 CLASS __________ __ 
MANUFACTURER ____ __ 
EXPIRATION DATE l. c:. 
EMULSION NO. ___ _ 
SENSITOMETRIC DATA I. 4 
LAMP _______ _ 
2 
EXPOSURE TIME __ 
ILLUMINATION >-I. 
DEVELOPER ~ 
TIME ______ z 
TEMPERATURE ~ I. 0 
DEV. METHOD ___ _ 
CONTROL CURVE 
ASA SPEED ____ _ 
GAMMA :-=-------






Step m. i -::1: ....; 
I I I l I 
I 
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. . 0 .3 
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2.6 Fig 7e A:. 
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1' It AS/4 
(mcs) Speed 
95 
7. Ultra - Violet 5.5 iO-~C , 42sec 177 
8. 
TYPE AERO RECON R Step no.! 
-CLASS __________ __ 
MANUFACTURER __ _ 
EXPIRATION Oi).TE ___ _ .6 
EMULSION NO. ____ _ 
SENSITOMETRIC DATA .4 
LAMP __________ _ 
EXPOSURE TIME _ _ 
ILLUMINATiON >- 1 
DEVELOPER ~ 
TIME ~ 
TEMPERATURE ~ I 
.2 
.0 
DEV. METHOD ____ _ 
CONTROL CURVE .8 
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Q 
....... 
2.6 Fig 7f 
CONTROL AND LATENSIFIED CURVE PRODUCING 
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Absolute ? 4-,... A I-- C f"'l6+ .3 .6 9 1.2 1.5 RELATIVE LOG EXPOSURE. 1.8 2.1 2.4 
19 2! 













111111 11 11 111 I IIII I f 
2.7 3.0 
Dote ____ _ 
LATENSIF!CATiO 
Curve Filter Fi Iter I 









T'(PE PLUS - X 
CLASS~~=A ________ __ 
MANUFACTURER E. f<. 
EXPIRATION D.ATE APR-56 I 
EMULS!ON N0.524l - 895~2 
SENSITOMETRIC DATA I 
LAMP 1643 
EXPOSURE I !ME . 0 I sec 
ILLUMiNATION . ?: I 
DEVELOPER D -19 {f) 
TIME BMIN z 
TEMPERATURE 68 o l:5 I 
DEV. METHOD AS A 
CONTROL CURVE 
ASA SPEED. __ 3-'-7 __ 
GAMMA 147 
FOG LEVEL~:..::· 2=i __ _ 
BASE LEVEL ___ _ 
N DATA 
t It ASA Speed 
(mcs) Speed Ratio 
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2.6 . ··'- . Fig 8a 
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.6 .9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 
RELATIVE LOG EXPOSURE . 
Date ___ =--= 
LATENSIFICATION DATA 
Curve Filter Fi Iter I 








7. White Light 3.2 xiO MC 
8. 
TYPE PLUS-X ~--'----=-=--"----- I. CLASS _____ __ 
MANUFACTURER __ _ 
EXPIRATION DATE I_ 
EMULSION NO. ___ _ 
SENSITOMETRIC DATA ! _ 
LAMP ______ _ 





Step no. l 




EXPOSURE TI ME __ _ 
ILLUMINATION :::-1 .2 
DEVELOPER ~ 
TIME ______ z 
TEMPERATURE 25 L 
DEV. METHOD ___ _ 
CONTROL CURVE 
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2.6 Fig 8b 
CONTROL AND LATENSIFIED CURVE PRODUCING 
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.6 9 1.2 1.5 1.8 2.1 2.4 2.7 3 .0 
RELATIVE LOG EXPOSURE 
Date ____ _ 5 7 9 II 13 15 • · 19 2 1 
LATENSIFICAT!ON DATA 3.0 !IIIli illllll IIIII i!llll!l lllli! llll!li!lil! l !!!ill 111\ll llilllll!ll l l I~IT! III I 11 11111111 1!11 i[l iU 
Curve Filter Filter I 





5. Cont ra! 
6. 
7. R.ed Light 
8. 
TYPE P! us-x 
CLASS 
MANUFACTURER 
EXPIRATION O.AI E 
EMULSION NO. 
t It ASA Speed 
~cs) Speed Ratio 
40 1.00 
3045sec 8! 2.03 
.8 
Step no_ l 
.J 















CURVE PRODUCING -IF=--+~--t--+~----1 
I I I I /t 
I I v 
2.0~-~---+---r: ---·~--- ~---~-~:---~----~1 --4---+:~--r~-/7/~- ~~---~V7/~r-~i 
I i7 / ! I 
/ / I 
l / / 
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I . / i I 
SENSITOMETRIC DATA. !. 4 ; I l I / I 
I I 
/ i I 
LAMP I i / 
/ EXPOSURE TIME 
.2 
I ! ILLUMINATION >-l ! i 











DEV.METHOD I I I ! I / 
8 ' CONTROL CURVE 
I / 
ASA SPEED l / 
/ 
GAMMA c. _. / 
.v 
FOG LEVEL 
BASE LEVEL / 
4 
2 
O 1111111 1111111111111 IIIII I IIIII I I i IIIII I IIIII IIIII 111111 IIi II II II II 1111111 111111 I IIIII IIIII I IIIII I I i !Ill IIi! II iii Il l i 1 !I:: 11 1 'i I ! 
1
! i i : it 
0 .3 .6 .9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 
Absolute I 4 _64 RELATIVE LOG EXPOSURE . 
Date ____ _ 
LATENSIFICATION D.l\TA 
Curve Filter Filter I t It ASA 










7. Green Light 1.0 x! 0 MC 526sec 79 
8. • 
TYPE PL.. US- X ::--- - - --- l. CLASS _________ __ 
MA.NUFACTURER 
---
EXPIRATION DATE ! . 
EMULSION NO. ___ _ 





EXPOSURE TIME __ _ 
ILLUMINATION >-1 . 
DEVELOPER ~ 
2 
TIME ______ z 
TEMPERATURE ~ I. 0 
DEV. METHOD ___ _ 
CONTROL CURVE 8 
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2.8 
2.6 Fig 8d 
I 
CONTROL AND LATENSIFIED CURVE PRODUCING 
MAXiMUM SPEED RATIO I 
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.6 9 1.2 1.5 1.8 2.1 2.4 2.7 3 .0 
RELATIVE LOG EXPOSURE . 
w 
\)1 
5 7 9 II 13 15 A 19 2! 
3 .011!1111 11 1111 LIU U UI LLI IWli _llllil W.ill ill/Ill IIIII I IJIIII I\11 11 1111~1111 IIWLLll.lll. .ll.lill DATA 
Curve Filter Filter I t It ASA Speed 
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A. Methods of Speed Analysis 
Three methods for computing speed were used. These methods were 
ASA, half-gamma, and inertia or Hand D speed. The ASA speed (Ameri-
can Statdards Association) is the recognized method of measuring and ex-
pressing negative speed in this country. Half-gamma speed is widely used 
in the U.S. Air Force for aerial photographic materials. The publication 
of Hand D speeds was discontinued entirely a number of years ago, but 
this method is still useful in the laboratory for comparative purposes. 
' 
Specifically the speeds are computed as follows: 
1. ASA speed is equal to 1/E, where E is the exposure in meter-
candles-seconds at the point on the curve where the gradient, G, is • 3 of 
the average gradient, G, over a log E range of 1. 5. (See Figure 10.) The 
ASA Exposure Index, the number given in this report, is determined from 
the expression. 
Exposure Index = l/4E = ASA Speed/4 
2. The half-gamma speed is determined in a manner somewhat simi-
lar to the ASA speed. The limiting gradient point, however, is defined as 
that point at which the gradient is equal to . 5 of the gamma . . (Gamma is 
the slope of the straight line portion of the curve.) Half-gamma is then de-
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3. The Hand D speed system is determined from the exposure 
point, i, found by extending the straight line portion of the D log E curve 
to intersect the extension of the fog density line, Df (Figure 10). The 
reciprocal of the absolute exposure at this point times 10 is equal to the 
H and D speed. 
Hand D speed= 1/i x 10 or 10/i 
B. Optimum Speed Increases 
46 
Table VIa (page 4 7) lists the maximum speed incr.ease for each emul-
sion and the spectral region employed for latensification. The curves for 
ASA speed results are shown in Chapter V: The half -gamma and inertia 
speeds are not necessarily taken from the same curve, since the maxi-
mum speed increase varied sometimes for each speed method. 
47 
TABLE VIa 
MAXIMUM SPEED INCREASE FOR ALL SPECTRAL REGIONS 
F OR EACH EMULSION BY ASA , . 5 GAMMA, AND H&D SPEED METHODS 
.5- . 5-
Spectral ASA ASA Gamma Gamma H&D H&D 
Emulsion Region Speed S.R. S p eed S. R . Speed S.R. 
Royal Pan White 445 2.34 460 2.02 10000 2.00 
Red 378 1. 99 338 2.29 7420 2.08 
Green 378 2.29 600 3.07 10480 2. 30 
Blue 322 1. 78 330 1. 77 7420 1. 55 
u.v. 362 1. 82 390 1. 79 9550 1. 82 
Aerial Recon Wh ite 181 1. 85 182 2.02 3440 1. 89 
Red 16 9 1. 69 174 1. 55 3320 1. 65 
Green 150 1. 87 151 1. 62 3400 1. 8 8 
Blue 178 1. 62 153 1. 65 3560 1. 74 
u.v. 181 1. 77 146 1. 60 3560 1. 82 
Plus X White 83 2. 08 74 2.06 1560 2.01 
Red _8 1 2.03 82 2.05 1740 1. 9 5 
G r een 79 1. 9 8 72 2.00 1380 1. 78 
Blue 66 1. 83 46 1. 64 1070 1. 58 
u.v. 68 1. 57 53 1. 87 1120 1. 77 
Microfile White 5. 00 7. 35 3. 60 6.00 81.4 5. 50 
(D-23) Red 4.65 6.64 4.00 5. 56 -9"5. 5 5. 90 
Green 3.95 5. 98 4.15 5.3 9 84.2 5.02 
Blu e 4.50 6.52 3.80 5. 14 98.0 5.27 
u.v . 3.70 4.87 3.60 5. 00 83.2 4.95 
c. Effect of Wavelength, Tim e, and Intensity 
1. Royal Pan 
No definite wavelength effec t was observed but the longer wavelength 
region produced t h e best results; white light was most efficient with 
48 
green light giving the second best increase. Average of the maximum 
speed ratios for the 5 wavelength regions was 2. 04. 
The most efficient intensity was found to be at 2. 7 x 1 o- 2 
meter -candles with a time of exposure sufficient to produce a fog den-
sity of 0. 29. 
The curves of this section, (Figures lla-llj) may be used to 
determine optimum conditions of intensity, time, and wavelength. Ref-
erence to Tables VIa and VIb or the Appendix, Section B, will be help-
ful. 
2. Aerial Reconnaissance 
No wavelength effect was noted and within experimental error all 
wavelength regions produced similar results. Green and white light 
have slightly greater speed ratios. The average of the maximum speed 
ratios was 1. 80. 
-2 An intensity of 3. 5 x 10 meter-candles and exposure time to 
produce a fog of about .40 are the most efficient conditions. 
Reference may be made to curves of this section, (Figures 12a-
12j) Tables VIa and VIb, and Appendix B. 
3. Plus X 
Only emulsion which might be said to show a wavelength effect. 
The speed ratios increase progressively with longer wavelength and 
white light gives maximum speed increase. Average of the maximum 
speed ratio was 1. 90. 
-4 
An intensity of 3. 2 x 10 meter-candles and exposure time to 
produce a fog density of about . 50 give best results. 
Reference may be made to curves of this section, (Figures 13a-13j) 
Tables VIa and VIb, and Appendix B . 
4. Microfile 
A trend toward longer wavelength being most effective was observed 
but a deviation in the blue interrupts this trend. White light was most 
effective. The average of the maximum speed ratios was 6. 27. 
A source intensity of 3. 6 x 10-4 meter-candles and exposure time 
to produce a fog of about • 31 was most efficient. 
Reference to the curves of this section, (Figures 14a-14j) Tables 
VIa and VIb, and Appendix B is recommended. 
Table VIb shows the optimum results obtained for each emulsion. 
TABLE VIb 
OPTIMUM SPEED GAIN PRODUCED BY MOST EFFICIENT 
SPECTRAL REGION, INTENSITY, AND TIME FOR EACH EMULSION 
Spectral ASA Speed Fog+Base It Source 




Royal Pan White 445 2.34 • 29 2.72xlo_2 -5 Aerial Recon White 181 1. 85 • 40 3.48xlo_ 2 6.20x10_ 4 Plus X White 83 2.08 . 49 4.17xl0 3.20xl0_4 







D. Microfile Results 
The results and analysis of Microfile developed in D-23 have been 
included in previous sections. Several other developing solutions were 
used. These are as follo-ws: 
1. D-ll - This i .s the recommended high contrast developer for 
Microfile. Because of the resulting high gamma the ASA speed can not 
be read on these curves. Table VIc shows the results obtained for the 
maximum speed increase of each spectral region. 
TABLE VIc 
MAXIMUM • 5 GAMMA AND H&D SPEE.DS FOR MI.CROFILE 
WITH NORMAL AND EXTENDED DEVELOPMENT 
Spectral • 5-Gamma • 5-Gamma H&D H&D 
Region Speed S. R. Speed S. R. 
White 1.90 2.76 44.6 3.02 
Red 2.88 4.12 66.0 3.93 
Green 2. 08 3.15 47.8 3.52 
Blue 2.45 3.83 64.4 3.97 
u.v. 2.04 3.19 47.8 2.94 
Microfile D-11 .8 Minutes 
White 3.46 3.30 74.2 2.94 
Development for 8 minutes in D-ll probably produced the maxi-
mum practical gam.ma for this emulsion. Gamma was equal to 4. 25. 
50 
51 
2. Microdol, diluted 1:4, was used in order to produce gamma 
comparable with Aero-XX (1. 5). Only two spectral regions were included 
as it soon became evident that speed loss was excessive with this type of 
development. Results are lis ted in Table VId. 
TABLE VId 
MAXIMUM • 5 GAMMA AND H&D SPEEDS FOR MICROFILE 
DEVELOPED IN MIGRODOL (1:4) 6. 5 MINUTES 
Spectral · ASA ASA . 5-Gamma. 5-Gamma H&D H&D 
Region Speed S. R. Speed S. R. Speed S. R. 
White 2.62 8.45 2.18 6.61 51.2 7.07 
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1 h EXPOSURE TIME TO PRODUCE VARIOUS FOG DENSITIF'S 
F:J:' I~. k::: :=, cy '- ~ ~c · l c, . ··· .l:r. 1;; li:! '-.f · t,-o·'ld ':': ::':H f; { ; 
!-"' 
• 3 .4 • 5 • 6 .7 
FOG DENSITY 
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13' EXPOSURE TIME TO PRODUCE VARIOUS FOG DENSITIES 
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A. Effect of Wavelength 
CHAPTER VII 
CONCLUSIONS 
Except for Plus X, no consistent increase of latensification effec-
tiveness was noted as a function of wavelength. However, from Table VIa 
it may be observed that the minimum speed increase occurred most fre-
quently in the blue or ultra-violet, and to a lesser degree the maximum 
speed increases were found in the longer wavelength region. Plus X 
showed a steady improvement in going from the blue towards the red, as 
did Microfile, except fo.r the higher value obtained in the blue. 
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Any effect of wavelength was probably obscur·ed somewhat by the fact 
that spectral filter transmissions varied, so that the energy per unit time 
(power) was not equal at each intensity level employed. (A short discussion 
of this will be found in Chapter VIII, Recommendations.) White light may 
be used most effectively in latensification for the emulsions tested. 
B. Effect of Intensity 
As the ASA exposure index of the emulsion increases the intensity 
required to produce maximum speed gain decreases. It was noted that as 
the intensity decreases the time of exposure increases except for the very 
slow Microfile emulsion. This emulsion needs not only increased inten-
sity but also increased exposure time. This increase in time is consider-
ably more than that required for Plus X. The final expo,.sure in meter-candle-
seconds increases steadily from Royal Pan to Microfile. Intensity is 
the major factor in latensification and if proper intensity is used with 
long wavelength regions, the speed increase will b.e the optimum obtain-
able. 
G. Speed Increase Related to Emulsion Type 
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While it has been noted that th.ere are definite intensity relation-
ships according to the emulsion type, it may also be stated that the amount 
of speed increase has a similar relationship to a lesser degree. The de-
crease of speed ratio gain as the speed rating of the emulsion increases 
is broken only by the results of Royal Pan. This new emulsion obviously 
has properties yet to be explored. 
D. Practical Application of Latensification 
As a practical darkroom application it may be concluded that with 
the proper intensity level, the time of exposure should in general be 
chosen to approximately double the normal fog level. The intensity level 
should be lower as the ASA Exposure Index increases. A time range of 
from .2 to 20 minutes is sufficient for emulsions of ASA 40 or above. 
E. Effect of Extended Developm.ent on Microfile 
The extended development of Microfile indicates that this forced 
treatment does not give as good speed increases as may be obtained by a 
less active developer. Comparison may be made only with half -gamma 
and Han d D speeds but development in D-23 gives the greater speed gains. 
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For normal use of Microfile the extended development is satisfactory, 
but for use in miniature systems for aerial photography these results are 
not tolerable. 
F. Special Application of Fine Grained Emulsions 
Of the two types of development required to produce reduced con-
trast, only the treatment in D-23 proved satisfactory, as the initial speed 
loss by Microdol ( l :4) development proved too much to be overcome by 
speed increases of even eight times. Compared with the results of a pre-
vious investigation, (Ref. 1 0) the results obtained from this work indicate 
favorably that Microfile under proper treatment can assume an important 
role in aerial photography. Resolution tests from this reference show 
latensified Microfile to give :maximum definition in terms of detail resolved. 
The following conclusion from this reference is quoted. 
The enlargement to 4 diameters of negatives on Micro-
file latensified and Perutz Pergrano produces good results. 
Since this is the amount of enlargement necessary to bring 
70-mm negatives to approximately the size of a 9 x 9 photo-
graph, 70-mm cameras may be used in connection with these 
films and others of similar characteristics to replace aerial 
cameras for many purpses. 
Therefore, since the maximum speed of the latensified Microfile 
of the above reference investigation was ASA 3. 85, it is concluded the 
ASA 5. 0 obtained from this work will help somewhat to further Microfile's 
role in .aerial photography. 
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G. Theoretical Considerations of Latensification 
For latensification to be successful, as many of the non-developable 
latent image specks {:Sub-latent image) as possible which result from the 
initial exposure must be made developable, without creating new centers 
in previously unexposed grains. Latensification thus must depend on 
physical changes in the latent image distribution and number. 
The Gurney-Mott theory of latent image formation was discussed in 
connection with reciprocity failure in Chapter IV. These concepts and 
assumptions are applicable to pure latent image theory. Exposur.e to light 
causes electrons to be elevated to a higher conductance band and some of 
these are trapped at sensitivity centers. These negatively charged specks 
attract interstitial ions of sil-ver. Several atoms of silver formed in this 
manner act as development centers. The reaction may be represented by 
the equations 
Br-+ hv = Br t e 
and 
+ Ag + e = Ag 
where hv is a quantum of radiation and e is an electron. 
Granted that the Gurney-Mott theory of latent im.age formation is 
essentially correct, it follows logically that additional uniform exposure 
after the differential camera exposure will render some undevelopable 
grains (sub-latent image) definitely developable, with a resulting speed in-
crease. 
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It has been previously stated (Chapter IV) that reciprocity is in-
dependent of wave length, but this is not true for the D Log E curve. Ex-
perimentally1 curves of gamma against wavelength show irregular varia-
tions of unknown cause over much of the visible spectrum .(Ref. 7). This 
is often explained by the scattering of light w ith in the emulsion; i.e. 1 
short wavelength radiation is confined nearer the surface and hence a lower 
density for a given amount of energy results. Therefore, even though it 
has been shown experimentally that the number of electrons ejected per 
calorie of absorbed energy increases with decreasing wavelength 1 and this 
would indicate that the short wavelength region should produce the greater 
number of latent-image specks; we know that the long wavelength region 
produces the greater gamma. Review of the complete data indicates that 
a smaller speed increase is obtained consistently in the blue or ultra-
violet region. This may also be explained by the fact that the shorter 
wavelength region is scattered near the surface 1 and consequently is less 
effective at the middle or lower layers of the emulsion. 
The work reported in this thesis has verified that latensification may 
cause a speed increase, and has indicated the optimum intensity levels 
for several emulsions. In addition the effect of wavelength has been shown 
to be small in relation to the intensity of exposure. 
CHAPTER VIII 
RECOMMENDATIONS 
A. Recommendations for Future Investigation 
The effect of wavelength should be more thoroughly investigated, 
and it is suggested that the amount of energy (watts/sq. em.) falling on 
the emulsion be made constant for all spectral regions. To do this the 
energy distribution curve of the source as a function of wavelength, the 
sensitivity curve of the photographic material, and the spectral transmis-
sion curve of the filter must be known. The ordinates of these curves if 
.multiplied one by the other, will yield a relative area effectiveness curve 
for the emulsion in response to the radiation of the source as modulated 
by the filter used. It is then possible to permit equal amounts of energy 
for each spectral region to be used to latensify the emulsion. This would 
be an important step in determining the exact effects of wavelength. 
B. Recommendations for Experimental Procedure 
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The intensity of a 60 watt lamp operated at full voltage at a distance 
of 20 feet from the film, should be decreased by approximately a 3. 6 neu-
tral density filter to produce the low intensity required. The exposure 
should be able to produce a minimum density of approximately double the 
nor.mal fog density. The time of exposure depends on the particular emul-
sion being latensified but generally increases as the rated exposure index 
increases. (i.e., th.e intensity decreases for faster films.) For Plus X, 
two minutes; Aerial Recon, 10 minutes 1 and Royal Pan, 20 minutes 
are the approximate times which may be used. Microfile should have ex-
posure time of an hour or more. 
A flask of the type used in processing and described in Chapter III 
large enough to accomodate 6-8 latensified strips plus the control would 
be useful. This would permit more rigid processing control than is 
otherwise possible. 
C. Recommendations Concerning Applications 
98 
Lat ensification is a necessity for the use of Microfile in aerial photog-
raphy . The excessive contrast of Microfile for pictorial or aerial photog-
raphy must be reduced by developing in a low contrast developer such as 
D-23. 
Latensification may he used successfully to bring out shadow detail 
in underexposed negatives; and also, if applied to negatives receiving in-
adequate exposure, an image may be produced that otherwise would not 
be usable. 
Latensification is .recommended as a tool for any photographer, 
amateur or professional, under conditions known to necessitate its use. 
APPENDIX A 
FILTER FACTORS* USED IN EXPERIMENTAL WORK FOR ROYAL 
PAN, AERIAL RECON, PLUS X AND MICROFILE EMULSIONS 
Wratten Wratten Wratten Corning 
Emulsion #25A #58 #47B 7-5 4 
Royal Pan 5 8 25 125 
Aerial Rec on 2 12 24 138 
Plus X 5 9 24 150 
M icrofile 10 5 ** ** 
* Filter Factors Computed by Expo sure on Eastman I-B Sensitometer 
For Tungsten Light (#78A A Filter Removed) 
** Computed Filter Factors Not Sufficient (Probable High Reciprocity 
Failure) 
·APPENDIXB 
DATA FOR EACH CONTROL AND LATENSIFIED STRIP FOR 
.ROYAL PAN, AERIAL RECON, PLUS X, AND MICROFILE 
(D-23 AND MI CRODOL l: 4) EMULSIONS 
The following tables list the gamma, fog level , exposure time, 
and ASA, Half-gamma, and H and D speeds and speed ratios (Latensifie d 
Speed/Control Speed) for all film strips of the emulsion s given in title. 
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APPENDIXB 
DATA FOR EACH CONTROL AND LATENSIFIED STRIP FOR 
.ROYAL PAN, AERIAL RECON, PLUS X, AND MICROFILE 
(D-23 AND MICRODOL 1:4) EMULSIONS 
The following tables list the gamma, f o g level , exposure time, 
100 
and ASA, Half-gamma, and H and D speeds and speed ratios (Latensifie d 
Speed/Con trol Speed) for all film strips of the em ulsion s given in title. 
The inten sity given in each ta ble is the ini tia 1 s ource in tensity previous 
to m odific ati on by col or or n eutral density filters. The color and n e u tral 
density filter for each group is listed also. 
The symbol 't stan ds for gamma. (Gamma is the slope of the 
straight lin e portio n of the characteristic curve·.) 
Curve ~ Filters No. 
I • 86 
2 0 69 
3 .65 
4 .62 
5 • 88 
6 • 56 
7 • 53 
8 • 55 
• 9 N. D. 9 . 90 
10 • 76 
11 .68 
12 .69 
13 • 86 
14 • 74 
15 • 6 9 
I6 • 73 
I.5N. D. I7 .85 
IS • 84 
19 . 80 
20 • 82 
21 . 88 
22 .77 
23 . 79 
24 • 82 
1.8N.D. 25 .84 
26 0 85 
27 . 82 
2S . 87 
2 9 • 82 
30 . 89 
31 0 76 
32 • 86 
ROYAL PAN WHITE LIGHT 4M 5V 
-3 
3. 4150 X 10 MC 
Fog ASA ASA • 5 • 5 H&D H&D 
Level Speed S.R. Speed S. R. Speed S.R. 
. I5 ISI 1. 00 213 1. 00 5000 1.00 
• 28 223 I. 23 270 1.27 536.0 I. 07 
.37 268 I.'48 400 I. 88 6020 1. 20 
• 42 353 1. 95 415 I.95 IOOOO 2.00 
• 16 I85 l. 00 228 1.00 5000 I. 00 
• 53 353 I. 91 262 I. I5 6320 I. 26 
• 56 244 1.32 460 2.02 6920 I. 38 
.60 203 I. IO 400 1. 53 4560 0.91 
• I5 I73 I. 00 208 I.OO 4900 I. 00 
• 25 268 1. 55 330 I. 59 7080 1. 44 
• 34 274 I. 58 300 1. 44 7800 1. 59 
• 35 330 I. 91 330 I. 59 8520 1.74 
; 15 I73 1. 00 245 1. 00 4900 1.00 
• 4I 322 I. 8I 268 I. 09 6.500 I.33 
• 47 300 1. 73 346 I. 4I 6920 1. 4I 
• 49 292 1. 69 288 1. I7 8200 I. 67 
• I5 173 I. 0 0 245 I. 00 540 0 1. 0 0 
• 20 228 1.:..3 2 268 I. 09 6'52.0 1. 2 1 
o25 234 1. 35 346 1. 41 6 92 0 1. 28 
0 27 236 1. 36 288 1. 18 832 0 1 .-~ 54 
. 17 177 1. 00 19 9 1. 0 0 456 0 1. 00 
. 32 3 05 1. 76 362 1. 82 724 0 1. 58 
o34 3 96 2. 2 4 322 1. 62 644 0 1. 41 
0 36 268 1. 51 40 0 2. 01 795 0 1. 74 
.15 165 1. 00 19 0 1. 00 446 0 1. 00 
. 21 228 1. 38 274 1. 44 632 0 1. 42 
. 21 262 1. 59 301 1. 58 7240 1. 62 
. 24 244 1. 48 301 1. 58 6 92 0 1. 55 
.15 190 1. 00 218 1. 00 5120 1. 00 
. 27 268 1. 41 294 1. 3 5 632 0 1. 23 
. 29 445 2. 3 4 415 1. 90 10220 1. 99 
• 31 274 1. 44 346 1. 59 676 0 1. 32 
10 1 
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Royal Pan #2:A2M 5V 
} . 3660 X 10 -2 MC 
Curve ~ Fog ASA ASA .5 .5 H&D H&D t Filters No. Level Speed S. R. Speed S.R. Speed S. R. Cont. sec. 
#25A 1 . 84 . 15 158 l. 00 195 ' l. 00 4560 l. 00 X 
2 . 76 . 24 185 1.17 225 l. 15 5480 l. 20 1.8 
4 . 63 . 39 228 1. 44 288 1. 48 6500 ' l. 42 3.3 
5 . 85 . 15 134 1. 00 148 l. 00 3560 l. 00 X 
6 . 55 .. 50 256 l. 91 338 2.28 7420 2.08 4.3 
7 . 57 . 55 230 l. 71 256 l. 73 6600 l. 85 5.0 
8 . 56 . 59 238 l. 77 239 l. 61 6320 1. 77 5.5 
#25A 9 . 80 . 15 165 1.00 204 l. 0 0 4800 l. 00 X 
. 9 N.D. 10 . 85 . 22 228 l. 38 256 l. 25 6020 l. 25 24. 
11 . 86 . 28 268 1. 62 301 l. 47 6160 1. 28 37. 
12 . 7.8 . 32 315 l. 91 288 l. 41 7420 1. 55 44. 
13 . 93 . 15 185 1. 00 186 1. 00 4260 1. 00 X 
14 . 71 . 37 284 l. 53 330 1. 77 7240 l. 70 57. 
15 . 71 . 40 268 1. 45 316 1. 70 7240 1. 70 67. 
16 . 74 . 42 270 l. 46 322 l. 73 7240 1. 70 73. 
#25A 17 . 84 . 16 181 1.00 223 l. 00 4780 l. 00 X 
1.5 N.D. 18 . 86 . 20 213 l. 18 256 l. 15 6020 l. 26 150. 
19 . 86 . 22 194 l. 07 213 0.96 4950 1. 04 231. 
20 . 83 . 25 244 1. 35 288 l. 29 6760 1. 42 272 . 
21 . 86 . 16 199 1. 00 239 1. 00 5000 1. 00 X 
22 . 86 . 28 378 l. 90 330 1. 38 6920 1. 39 355. 
23 . 84 .32 294 .1. 48 288 1. 20 6440 l. 29 412 . 
24 . 87 .32 315 l. 58 250 l. 15 6600 1. 32 453 • 
#25A 25 1. 00 . 15 169 1. 00 174 l. 00 4360 1. 00 X 
1. 8 N. D. 26 . 96 . 18 244 1. 44 218 1. 25 52'40 1. 20 544 . 
27 . 95 . 22 234 1. 38 218 1. 25 5240 1. 20 840. 
28 . 96 . 24 228 1. 35 228 1. 31 5480 1. 26 990. 
29 . 82 . 15 190 1. 00 250 1. 00 5760 1. 00 X 
30 . 87 . 26 281 1. 48 308 1. 23 7000 1. 21 1300. 
31 . 86 . 30 262 1. 38 294 1. 18 7000 1·. 21 1510. 
32 . 79 . 32 378 1. 99 460 1. 86 9 800 1. 70 1680. 
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ROYAL PAN # 58 2M 5V 




C u r ve ~ F og ASA ASA . 5 . 5 H & D H & D t F i lte r s No . L ev e l Sp e ed S. R . Spee d S. R . S peed S. R . Con t. s ec • 
l • 8 8 . 16 2 08 l. 0 0 213 l. 0 0 52 00 l. 0 0 X 
2 . 76 . 23 2 13 l. 03 3 0 1 l. 41 79 5 0 l. 52 2. 9 
3 . 7 0 . 33 23 8 l. 14 3 01 l. 41 8 9 2 0 l. 72 4.5 
4 .62 . 3 9 33 0 l. 58 415 l. 9 5 1 1 000 2.12 5 . 3 
5 . 99 . 15 18 1 .1. 00 199 l. 0 0 4 56 0 l. 00 X 
6 .6 0 . 45 315 l. 74 362 l. 8 2 1 04 80 2.3 0 6. 9 
7 • 58 . 54 274 l. 51 294 l. 48 872 0 l. 9 1 8 . 0 
8 . 59 . 56 26 8 l. 4 8 3 0 1 l. 51 9 15 0 2. 0 1 8 . 8 
# 58 9 . 98 . l 7 165 l. 0 0 1 9 5 l. 0 0 524 0 l. 0 0 X 
. 9 N . D. 1 0 . 84 . 2 0 268 l. 62 354 l. 8 2 63 20 l. 21 4 6 • 
l l • 7 8 . 22 3 78 2 . 29 6 00 3. 0 7 1 022 0 l. 9 5 7 2. 
12 . 7 7 . 2 9 362 2. 19 525 2.6 9 1000 0 l. 9 1 84 • 
13 • 98 . 16 185 l. 00 204 l. 00 436 0 l. 0 0 X 
14 . 91 • 33 274 l. 4 6 25 0 l. 23 562 0 l. 2 9 11 0. 
15 . 8 5 .35 3 08 l. 66 2 88 l. 41 8 140 l. 8 7 128 . 
16 . 85 .3 8 308 l. 66 3 01 l. 48 832 0 l. 9 1 141. 
#58 1 7 . 87 . 17 173 1. 0 0 228 1.. 00 50 00 l. 0 0 X 
l.5 N .D. 1 8 . 84 . 2 0 228 1. 32 274 1. 2 0 632 0 l. 26 2 77. 
19 • 86 . 21 274 l. 5 9 288 l. 26 852 0 l. 70 431~ 
2 0 . 86 . 22 281 l. 62 3 0 1 1. 32 89 2 0 1. 78 5 08 . 
21 . 90 . 17 16 9 1. 00 2 04 l. 0 0 46 8 0 1. 00 X 
22 . 88 . 26 28 1 l. 66 346 l. 70 660 0 l. 41 66 0 . 
23 . 87 . 27 274 l. 62 288 l. 41 67 00 1. 43 77 0 . 
24 . 86 . 28 26 8 l. 58 2 88 1. 4 1 6 9 00 1. 47 84 0 . 
#58 25 • 98 . 17 16 9 l. 0 0 186 l. 00 426 0 l. 0 0 X 
l.8 N.D. 2 8 . 99 . 20 2 03 l. 2 0 245 l. 32 562 0 l. 32 159 5. 
2 9 . 94 • 16 190 l. 00 213 l. 0 0 4560 l. 00 X 
30 1. 00 . 20 2 7 5 l. 44 234 l. 1 0 562 0 l. 2 3 2070. 
3 1 • 96 . 20 250 1. 31 262 l. 23 6320 l. 3 9 24 0 5 . 
32 l. 02 . 22 262 l. 3 8 254 l. 1 9 602 0 l. 32 2.64 0 . 
Curve ~ Fog Eilters No. Level 
#47b 1 • 86 • 15 
2 • 70 .30 
3 .61 • 40 
4 • 56 • 47 
5 • 88 • 15 
6 • 55 • 54 
7 • 54 • 59 
8 • 52 .64 
#47b 9 .86 • 16 
• 9 N. D. 10 • 72 • 2.5 
11 • 73 • 28 
12 • 72 • 33 
13 • 89 • 16 
14 .68 • 34 
15 • 70 • 37 
16 • 72 • 39 
#47b 17 • 92 • 16 
1. 5 N. D. 18 • 88 • 18 
19 • 90 • 23 
21 • 96 • 17 
23 • 84 • 29 
24 • 86 • 30 
#47b 29 • 89 • 17 
1. 8 N. D. 30 • 87 • 21 
31 .87 • 22 
32 • 84 • 23 
#47b 33 • 94 • 16 
1.8N.D. 34 • 87 • 30 
35 • 88 • 32 
36 • 90 • 33 
37 • 96 • 17 
38 .85 . 34 
Royal Pan #4 7b 1M 5V 
-2 5. 464 X 10 M c 
ASA ASA • 5 • 5 
Speed S. R. Spe-ed S. R. 
181 1. 00 245 l. 00 
262 1. 32 268 1. 09 
250 1. 26 274 1. 12 
238 1. 20 274 1. 12 
185 1. 00 204 1. 00 
203. 1. 10 245 1. 20 
308 1. 66 218 1.07 
274 1. 48 239 1. 17 
181 1. 00 199 1.00 
308 1. 70 308 l. 55 
315 1. 74 291 1. 46 
322 l. 78 330 l. 66 
181 l. 00 234 1. 00 
301 1. 66 330 l. 41 
274 1. 51 288 1.23 
256 1.41 271 1. 20 
181 1. 00 204 1.00 
262 l. 39 281 1. 38 
274 l. 51 228 1.12 
181 1. 00 195 1.00 
287 l. 58 259 l. 33 
262 1. 45 253 1. 30 
177 1.00 186 1.00 
268 l. 51 274 I. 47 
234 1.32 281 1. 51 
250 l. 41 274 1. 47 
190 1. 00 186 l. 00 
281 1. 48 330 1. 77 
281 1. 48 316 l. 70 
274 1. 44 288 1.55 
194 1.00 204 1.00 
250 1. 29 288 l. 41 
10 4 
R&D H&D t 
Speed S. R. Cont. sec • 
5240 l. 00 X 
5760 1. 10 2.3 
6650 1. 27 3.3 
6600 l. 26 4.2 
5000 l. 00 X 
7580 1. 51 5.3 
5480 1.10 6.5 
5000 1. 00 8.0 
5120 1. 00 X 
7420 1. 45 36 • 
7080 l. 38 53. 
7240 l. 41 67. 
4780 l. 00 X 
7420 1.55 84 • 
7080 l. 48 104. 
6600 1.38 128 • 
5060 l. 00 X 
6320 1. 25 217. 
5620 1.11 318 • 
44.60 1. 00 X 
644.0 I. 44 626 • 
6320 1.42 770. 
4560 l. 00 X 
6020 1. 32 1586 • 
6520 1. 43 1963 • 
6440 l. 41 2416. 
4560 1. 00 X 
6760 1.48 3600. 
6600 l. 45 4200. 
6440 l. 41 4800 • 
4900 l. 00 X 
6920 l. 41 6000 • 
Curve ~ Fog Filters No. Level 
u. v. 1 . 88 . 16 
2 .68 • 28 
3 .68 • 34 
4 • 66 . 36 
5 • 84 • 14 
6 . 72 • 3 9 
7 • 70 • 45 
8 • 72 • 47 
u.v. 9 • 86 • I5 
. 3 N. D. 10 • 73 • 24 
11 . 78 • 27 
12 • 70 • 29 
13 • 90 .15 
14 • 70 .32 
I5 • 75 . 36 
16 . 74 • 39 
u.v. 17 • 8.8 • 16 
• 9 N. D. 19 • 79 . 22 
20 • 80 • 24 
21 • 93 • 16 
22 • 89 . 24 
23 • 92 • 25 
24 • 87 • 27 
u.v. 25 • 88 • 16 
1. 2 N. D. 27 • 84 • 19 
28 • 88 • 20 
29 • 93 • 17 
30 • 89 • 22 
31 • 89 • 24 
32 • 88 • 24 
Royal Pan U. V. lM 5V 
-2 
5. 4640 X l 0 M G 
ASA ASA • 5 • 5 
Speed S. R. Speed S. R~ 
194 1. 00 218 1. 00 
301 1. 55 390 I. 79 
294 I. 51 346 I. 59 
287 1. 48 330 I. 51 
194 I. 00 239 I. 00 
218 1. 15 262 1.10 
244 I. 20 234 0.89 
218 I. 15 223 o. 85 
I94 I. 00 2I8 1. 00 
256 1.32 281 1. 29 
2.81 1. 45 308 1. 41 
.287 1. 48 288 1. 32 
I99 1. 00 .204 1.00 
362 I. 82 370 1. 70 
268 1. 35 338 I.66 
262 1. 32 288 1.4I 
I99 I. 00 208 1. 00 
268 1. 35 346 1.66 
281 I. 41 316 1. 52 
199 i. 00 250 I. 00 
281 1. 41 274 I. 10 
281 1. 41 288 1. 15 
287 1. 44 330 1. 32 
181 1. 00 223 1.00 
218 1. 20 256 1. 15 
262 1. 45 262 1. 17 
181 1. 00 204 1.00 
245 I. 35 3I6 I. 55 
262 1. 44 30I I. 47 
.256 I. 4I 288 1. 4I 
10 5 
H&D H&D t 
Speed S.R. Cont. sec • 
5240 1. 00 X 
9550 1. 82 21. 
6920 I. 32 28 • 
7240 1. 38 35. 
5120 1.00 X 
7580 1.48 42 • 
6320 I. 23 56. 
6020 I. I8 70 • 
4780 I. 00 X 
6020 I. 26 86. 
60IO 1 • .26 114 • 
7080 1. 4.8 144. 
4780 1. 00 X 
9550 2.00 I 7.2. 
6920 I. 45 . 230. 
6920 1. 45 287. 
5360 1.00 X 
7240 1. 35 596. 
6760 1. 26 746. 
5240 I. 00 X 
6320 1. 21 895. 
6600 I. 26 1193. 
7240 I. 38 1491. 
5120 1. 00 X 
6020 1.18 2460. 
6080 1. 19 3080. 
4680 1. 00 X 
6600 . 1. 41 4928 • 
6760 I. 44 6I6o. 

















































































AERO R ECON-WIITTE LIGHT 4M 5V 
-3 
3.415x1 0 MC 
Fog ASA ASA .5 .5 H&D H&D 















. 8 7 
. 09 
.22 




















. 2 7 
. 29 
85 1.0 102 
99 1.17 129 
131 l. 54 123 
1 09 1.29 117 
93 l. 0 l 00 
125 l. 34 129 
11 9 l. 2 9 126 
119 l. 2 9 120 
93 1.00 112 
1 08 1.16 138 
9 7 1. 0 5 115 
93 1.00 115 
85 l. 00 l 00 
8 5 l. 00 100 
85 l. 00 102 
117 l. 0 0 144 
. 124 l. 06 18 2 
125 1.07 174 
131 1.12 174 
76 l. 00 89 
134 1.76 182 
134 l. 76 178 
128 l. 68 17 0 
85 l. 0 0 100 
124 l. 46 144 
154 l. 81 155 
150 l. 70 132 
98 l. 0 0 120 
169 1.72 174 
158 1.61 170 
181 1.85 182 
99 ' l. 00 120 
137 l. 38 138 
139 1.40 148 
156 l. 58 138 
89 l. 00 93 
154 l. 73 l 72 
165 1. 8 6 17 0 
146 l. 64 164 
l. 00 2240 l. 0 
1.26 258 0 1.15 
l. 21 27 0 0 l. 32 
1.15 24 00 1.07 
l. 00 2040 l. 00 
1.29 246 0 1. 21 
1.26 258 0 1.26 
l. 2 0 2840 l. 39 
l. 00 1960 l. 00 
l. 23 278 0 l. 42 
1.03 2520 1.28 
1.03 246 0 1.26 
l. 0 0 2300 l. 00 
1.00 2180 0. 9 5 
l. 02 2340 l. 02 
l. 00 2820 
l. 26 3240 
1.21 3480 
l. 21 3400 
l. 0 0 1820 
2. 02 3440 
2. 0 0 3360 









l. 0 0 2300 l. 00 
1 • 44 3 3 2 0 1 . 44 
l. 55 3640 l. 58 
l. 32 3480 l. 51 
1.00 2540 1.00 
l. 45 3 90 0 l. 53 
l. 41 3560 l. 40 
l. 52 3850 l. 51 
l. 00 2640 l. 00 
l. 1 5 3 2 7 0 l. 24 
1.23 3270 1.24 
l. 15 3240 l. 23 
l. 00 2300 l. 0 0 
l. 85 398 0 l. 73 
1.83 3 800 1.65 

























4 0 . 















2 0 54 . 
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Curve ~ Fog ASA ASA .5 . 5 H&D H & D t Filters No. Level Speed S.R. Speed S. R. Speed S.R. Con t. sec. 
#25A 25 1. 60 . 13 9 3 1. 00 102 1. 00 246 0 1. 00 X 
26 1. 34 . 36 125 1. 34 137 1. 34 31 0 0 1. 26 4.4 
27 1. 40 . 46 128 1. 38 123 1. 20 2920 1. 19 6. 0 
2 8 1. 33 • 56 111 1. 1 9 120 1. 18 2820 1. 15 7 .. 6 
29 1. 28 .67 107 1. 15 120 1. 18 2820 1. 15 9 .6 
3 0 1. 26 . 75 102 1. 10 115 1. 13 2640 1. 07 11. 6 
31 1. 25 . 86 87 . 94 105 1. 03 2300 . 98 13.6 
32 1. 22 • 90 93 1. 00 102 1. 00 1860 .8 0 15.6 
#25 A 17 1. 56 .11 9 3 1. 00 115 1. 00 2 040 1. 00 X 
. 9 N.D. 18 1. 45 . 18 1 ~2 1. 31 155 1. 35 33 00 1. 61 46.8 
1 9 1. 48 . 22 140 1. 51 144 1. 31 31 00 1. 52 64. 0 
2 0 1. 50 • 25 131 1. 41 144 1. 31 3320 1. 65 81. 5 
21 1. 50 . 27 126 1. 31 148 1. 29 316 0 1. 55 102.0 
22 1. 45 . 34 117 1. 26 141 1. 22 2960 1. 45 123.0 
23 1. 48 .35 113 1. 22 132 1. 15 3 020 1. 48 145.0 
24 1. 44 . 40 14' 4 1. 44 158 1. 51 3320 1. 65 166.0 
#25 A 1 1. 48 • 13 1 04 1. 00 112 1. 00 2640 I. 00 X 
1. 5 N .D. 2 1. 46 . 19 125 1. 2 0 151 1. 35 3160 1. 20 361. 
3 1. 51 . 19 137 1. 32 158 1. 41 3440 1. 3 0 4 9 5. 
4 l. 57 . 22 149 1. 41 151 l. 35 3320 1. 26 627. 
5 l. 55 . 24 152 1.46, 174 1. 55 356 0 l. 35 792. 
8 1. 56 . 25 ]. 56 1.50, 141 1. 26 348 0 1. 32 957. 
6 1. 54 . 29 1?9 1.53 158 1. 41 3680 1. 39 1122. 
7 1. 54 .30 144 1. 3 9 155 1. 38 36 00 1. 36 1287. 
#25 A 9 1. 44 . 14 100 1. 00 120 1. 00 252 0 1. 00 X 
1. 8N.D . 1 0 I. 48 . 18 123 1. 23 148 1. 23 3320 1. 32 1328 . 
11 1. 51 . 21 128 1. 28 155 1. 29 34 00 1. 35 1812. 
12 1. 55 • 23 156 1. 56 166 1. 38 348 1. 38 23 00. 
13 1. 53 • 24 1 58 l. 58 162 1. 35 3 7 20 1. 48 2 904 . 
14 1. 50 . 24 1 59 1. 5 9 166 1. 3 8 3 900 1. 55 3508 . 
15 1. 50 . 30 L69 1,69 182 1. 52 356 0 1. 41 4012. 
16 1. 52 .32 156 1. 56 166 1. 38 3640 1. 44 5 016. 
10 8 
AERO RECON #58 2M 5V 




Curve t Fog ASA ASA .5 . 5 H&D H&D t Filte rs No. Level Speed S.R. S p eed S.R. Speed S.R. C ont. s e c. 
#58 1 1. 6 1 . 12 8 7 1. 00 9 5 l. 00 186 0 l. 0 0 X 
2 l. 4 9 • 18 124 1. 42 109 l. 15 276 0 l. 48 6. 1 
3 1. 48 . 2 7 13 1 1. 50 132 l. 3 9 2520 l. 35 8.6 
4 l. 35 . 33 136 l. 56 12 0 l. 26 2560 l. 38 11. 1 
5 1. 54 . 13 87 l. 00 85 l. 00 1860 l. 00 X 
6 1. 2 8 .3 9 134 1. 54 141 l. 48 290 0 l. 51 14. 0 
7 1. 24 . 44 131 l. 50 131 1. 3 8 3160 l. 70 16.4 
8 1. 22 . 4 9 132 l. 52 128 l. 35 3020 l. 62 19 .6 
#58 9 1. 46 .11 9 1 l. 00 100 l. 00 19 00 l. 00 X 
. 9 N.D. 10 1. 32 . 14 117 l. 28 138 l. 38 2880 l. 52 81.4 
11 1. 32 . 17 1 23 l. 35 135 l. 35 3 00 0 l. 58 115.' 1 
12 l. 33 . 20 137 l. 51 131 l. 31 3 0 20 l. 59 148. 0 
13 l. 45 .11 8 1 1. 00 100 l. 00 198 0 l. 0 0 X 
14 1. 39 . 22 12_8 l. 58 129 l. 29 296 0 l. 4 9 186.4 
15 l. 32 . 24 134 l. 65 136 l. 36 3280 1. 65 218.7 
16 l. 45 . 24 14'0 1.. 7 3 127 l. 27 332 0 l. 68 260. 1 
#58 17 1. 54 • 13 89 l. 00 115 l. 00 2040 1. 0 0 X 
l.5N.D. 18 l. 50 . 14 128 l. 44 138 l. 20 2880 l. 41 5 0 5 . 
1 9 1. 46 . 14 131 l. 47 132 l. 10 3 020 l. 48 714. 
2 0 l. 56 • 15 140 1. 57 115 1. 00 3160 l. 55 9 19 . 
21 l. 53 .11 1 06 l. 00 102 l. 0 0 276 0 l. 00 X 
22 l. 57 . 16 r :i7 1,2 9 135 1. 32 . 3020 l. 0 9 1156 . 
23 1. 57 . 17 150 1,42 144 1. 41 3160 l. 14 13 57. 
24 l. 52 . 21 142 1.3 4 151 1. 4 8 3320 l. 20 1613. 
#58 25 1. 51 . 1 0 8 1 1. 00 9 3 l. 00 1820 l. 00 X 
1. 8 N.D. 26 1. 44 . 12 113 1.4 0 129 l. 39 3100 l. 71 1848 . 
27 1. 46 • 13 116 1.43 125 l. 34 3 02 0 l. 67 2612. 
28 1. 52 . 14 131 l. 62 132 l. 42 316 0 l. 74 3362. 
29 1. 42 .11 8 0 l. 00 9 3 l. 00 1960 l. 00 X 
3 0 l. 54 . 15 134 l. 67 132 l. 42 3020 l. 67 423 0 • 
31 l. 52 . 17 131 l. 64 126 l. 31 3160 l. 74 4966. 
32 . 1. 53 • 17 J15o 1 .8 7 151 l. 62 340 0 1. 88 59 04 • 
10 9 
AERO RE CON #47b 1M 5V 




Curve t Fog ASA ASA . 5 . 5 H&D H&D t Filters No. Level Speed S.R. Speed S.R. Speed S.R. Cont. sec. 
#47b 1 1. 54 . 12 9 5 1. 00 109 1. 00 218 0 1. 00 X 
2 1. 4 0 • ~6 121 1. 28 115 1. 0 5 2580 1. 18 3. 3 
3 1. 40 
.35 129 1. 31 102 .94 2300 1. 05 4.7 
4 1. 34 
. 42 138 1. 45 120 1. 10 2490 1. 14 6. 0 
5 1. 34 
. 51 107 1. 13 115 1. 05 210 0 0 . 96 7.6 
6 1. 26 
. 59 109 1. 15 112 1. 03 2300 1. 05 9. 0 
7 1. 22 
.62 102 1. 07 109 1. 00 240 0 1. 10 1 o. 3 
#47b 1 1. 64 
. 12 97 1. 00 1 07 1. 00 204 0 1. 00 X 
. 9 N.D. 2 1. 50 
. 15 128 1. 32 168 1. 57 2700' 1. 32 43.3 
3 1. 48 
. 21 141 1. 45 132 1. 23 2630 1. 29 62.5 
4 1. 54 
. 23 156 1. 61 138 1. 29 2760 1. 35 80. 5 
5 1. 47 
. 25 144 1. 48 135 1. 26 2880 1. 41 101. 0 
6 1. 36 
. 27 142 1. 46 160 1. 49 356 0 1. 74 119. 0 
7 1. 37 
. 31 131 1. 35 156 1. 46 3320 1. 62 155.0 
#47b 1 1. 61 
. 13 91 1. 0 0 93 1. 00 2300 1. 00 X 
1.5N.D. 2 1. 43 . 14 143 1. 57 135 1. 45 3020 1. 31 268 . 
3 1. 44 . l 7 131 1. 48 144 1. 55 31 0 0 1. 35 388. 
4 1. 44 
. 19 154 1. 69 151 1. 62 328 0 1. 42 500. 
5 1. 32 . 21 162 1. 78 144 1. 55 3480 1. 51 740. 
6 l. 34 
. 21 151 1. 66 153 1. 65 3500 1. 52 852. 
7 1. 40 . 24 144 1. 58 143 1. 54 340 0 1. 48 954. 
#47b 1 1. 56 . 12 1 00 1. 00 126 1. 00 2460 1. 00 X 
1.8N.D. 2 1. 52 . 16 137 1. 37 141 1. 12 2990 1. 21 980 . 
3 1. 54 . 17 144 1. 44 144 1. 14 3 060 1. 24 1420. 
4 1. 50 . 17 144 1. 44 146 1. 16 3320 1. 35 1828. 
5 1. 50 . 2 0 144 1. 44 168 1. 33 3560 1. 45 27 05. 
6 1. 51 
. 20 152 1. 52 155 1. 23 3720 1. 51 3375. 
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.AERIAL RECON U. V. 1M 5V 
5. 4640 X 10- 2 MC 
e Curve i Fog ASA ASA . 5 .5 H&D H&D t Filters No. Level Speed S. R . Speed S. R. Speed S.R. Cont. sec. 
u.v. 1 1. 52 • 11 93 1. 00 102 1. 00 2200 1. 00 X 
2 1. 43 • 18 131 1. 41 115 1. 13 2700 1. 23 18 
3 1. 43 • 21 137 1. 47 12 0 1. 18 2580 1. 17 26 
4 1. 41 • 24 144 1. 55 13 5 1. 32 2900 1. 31 33 
5 1. 55 . 10 95 1. 00 91 1. 00 2.240 1. 00 X 
6 1. 35 • 29 177 1. 81 13 5 1. 48 2920 1. 30 42 
7 1. 42 • 31 16 9 1. 78 13 8 1. 52 2640 1. 18 49 
8 1. 35 . 38 161 1. 70 146 1. 60 3020 1. 35 61 
u.v. 1 1. 50 .13 10 5 1. 00 110 1. 00 2580 1. 00 X 
• 3 N.D. 2 1. 34 .18 14 2 1. 35 141 1. 28 3480 1. 35 118 
3 1. 37 • 23 161 153 13 5 1. 23 3160 1. 2Z 167 
4 1. 34 . 27 169 1. 61 144 1. 31 3520 1. 36 214 
5 1. 48 • 1 3 10 5 1. 00 10 7 1. 00 2340 1. 00 X 
6 1. 39 . 33 14 7 1. 40 12 0 1. 12 2880 1. 23 271 
7 1. 39 • 35 144 1. 37 132 1. 23 3160 1. 35 318 
8 1. 39 • 37 14 7 1. 40 144 1. 35 3020 . 1. 30 391 
u.v. 1 1. 58 .13 10 3 1. 00 10 2 1. 00 2240 1. 00 X 
• ~ N.D. 2 1. 48 .19 12 5 l 21 144 1. 41 2960 1. 3.2 657 
3 1. 46 .1 9 144 1. 40 14 2 1. 39 3240 1. 44 808 
1 1. 58 .12 117 1. 00 115 1. 00 2040 1. 00 X 
2 1. 50 .16 137 1.17 144 1. 25 2880 1. 41 15 08 
3 1. 48 .18 14 3 1. .22 135 1. 17 3200 1. 57 2130 
4 1. 53 • 22 141 1. 21 151 1. 31 3400 1. 67 2725 
5 1. 60 • 12 99 1. 00 102 1. 00 19 60 1. 00 X 
6 1. ·:S 0 .25 151 1. 53 138 1. 3 5 3160 1. 61 3453 
7 1. 42 • 26 15 8 1. 60 144 1. 41 3560 1. 82 4059 
8 1. 51 . 28 141 1. 42 132 1. 29 3100 1. 58 4991 
111 





Curve ~ Fog ASA ASA . 5 .5 H&D H&D t Filters No. Level Speed S.R. Speed S. R. Speed S.R. Cont. sec. 
1 1. 27 • 25 41 1. 00 40 1. 00 872 1. 00 X 
2 1. 22 . 24 49 1. 20 46 1. 15 1048 l. 20 1.4 
3 l. 23 . 28 68 1. 66 55 1. 38 llOO 1. 26 2.7 
4 l. 16 • 31 66 1. 61 52 1. 30 ll75 1. 35 3.9 
111 





Curve ~ Fog ASA ASA .5 . 5 H&D H&D t Filters No. Level Speed S.R. Speed S.R. Speed S.R. Cont. sec . 
1 l. 27 • 25 41 l. 00 40 1. 00 872 l. 00 X 
2 l. 22 . 24 49 l. 20 46 l. 15 1048 l. 20 1.4 
3 l. 23 • 28 68 l. 66 55 l. 38 1100 l. 26 2. 7 
4 l. 16 • 31 66 l. 61 52 l. 30 1175 l. 35 3.9 
5 l. 36 . 21 45 l. 00 36 l. 00 832 l. 00 X 
6 l. 16 . 37 68 l. 51 59 l. 64 1120 l. 35 4.9 
7 1.11 . 42 72 l. 60 57 l. 58 1240 l. 49 6. 1 
8 l. 09 • 49 77 l. 71 55 l. 53 1100 l. 32 8. 0 
• 9 N.D. 9 l. 34 . 21 36 l. 00 40 l. 00 862 l. 00 X 
10 l. 20 . 26 57 l. 58 66 l. 65 1175 l. 36 38.3 
11 l. 10 .35 63 . l. 75 79 l. 98 1420 l. 65 71. 1 
12 l. 08 . 41 65 1' 81 76 l. 90 1400 l. 62 103.0 
13 l. 35 • 21 40 l. 00 40 1.0 862 l. 00 
14 1. 03 • 49 83 2.08 76 l. 90 1680 l. 95 130. 
15 l. 03 • 57 68 l. 70 69 l. 73 1400 1.62 163. 
16 0.98 . 70 74 l. 85 64 l. 60 1400 l. 62 213. 
l. 5 N.D. 17 l. 38 • 23 47 1.0 40 l. 00 852 l. 00 X 
18 l. 19 • 26 67 l. 43 56 l. 40 1320 l. 55 238. 
19 l. 20 • 31 68 l. 45 63 l. 58 13.20 l. 55 441. 
20 l. 16 . 38 72 l. 53 72 l. 80 1390 1.63 639. 
21 l. 38 . 23 43 l. 00 36 l. 00 776 l. 00 
22 l. 06 . 45 82 l. 91 72 2.00 1560 2.01 804 . 
23 l. 08 • 51 78 l. 81 72 2.00 1380 1.78 1010 . 
24 l. 05 . 59 79 l. 84 74 z. 06 1520 l. 96 1320. 
1.8 N.D. 25 l. 35 • 21 43 l. 00 39 l. 00 852 l. 00 X 
26 l. 15 • 27 62 l. 44 63 l. 62 1520 l. 78 871. 
27 1.11 . 35 76 l. 77 72 l. 85 1640 l. 93 1615. 
28 l. 10 . 43 83 l. 93 79 2.03 1440 l. 69 2341. 
29 l. 34 • 21 43 l. 00 40 l. 00 795 l. 00 X 
30 l. 03 • 50 79 1.84 64 1.60 1580 l. 98 2946. 
31 1.02 • 57 67 l. 56 68 l. 70 1590 2.00 3703 . 
32 l. 04 . 67 67 l. 56 63 l. 58 1360 l. 71 4840. 
112 
PLUS X #25/f2M 5V 
-2 
1. 366 X 10 ·M C 
e 
Curve ~ Fog ASA ASA • 5 . 5 H&D H&D t Filters No. Level Speed S. R. Speed S. R. Speed S. R. Cont. sec. 
#25A 1 1. 36 • 25 43 1. 00 36 1. 00 758 1. 00 X 
2 1. 28 • 26 79 1. 84 39 1. 08 915 1. 21 1.9 
3 1. 16 . 33 60 1. 40 54 1. 50 ll20 1. 48 3.5 
4 1. 10 • 41 83 1. 93 68 1. 89 1320 1. 74 5. 1 
5 1. 34 . 23 45 1. 00 42 1. 00 852 1. 00 X 
6 1. 10 . 47 77 1. 71 63 1. 50 1200 1. 41 6.7 
7 1. 04 • 53 74 1. 64 69 1. 64 1320 1. 55 8.4 
8 1. 00 • 59 72 1. 60 72 1.71 1310 1. 54 9.6 
#25A 9 1. 42 • 21 44 1. 00 30 1. 00 617 1. 00 X 
• 9 N.D. 10 1. 40 • 24 47 1. 07 32 1. 07 677 1. 10 44 • 
ll 1. 34 • 27 50 1.14 33 1. 10 . 724 1. 17 74. 
12 1. 28 .30 67 1. 52 41 1. 37 795 1. 29 108. 
13 1. 42 • 22 44 1. 00 3.2 1. 00 680 1. 00 X 
14 I. 32 .35 53 1. 20 34 1. 06 742 1. 09 143. 
15 1. 21 . 37 47 1. 07 43 1. 34 795 1. 17 180. 
16 . 1. 26 • 38 43 • 98 40 1. 25 l150 1. 69 204. 
#25A 17 1. 36 • 23 49 1. 00 43 1. 00 892 1. 00 X 
1. 5 N.D. 18 1. 18 .30 75 1. 53 66 1. 54 1400 1. 57 290. 
19 1. 14 .37 76 1. 55 72 1. 67 1580 1. 77 482. 
20 1. 08 • 47 73 1. 49 72 1. 67 i480 1. 66 700. 
21 1. 38 • 23 48 1. 00 43 1. 00 89.2 1. 00 X 
22 1. 06 . 59 69 1. 44 68 1. 58 148 0 1. 66 924 • 
23 1. 02 • 65 76 1. 58 83 1. 93 1580 1. 77 1161. 
24 1. 01 • 70 66 1. 37 78 1.81 1480 1. 66 1320. 
#25A 25 1.34 • 23 43 1. 00 40 1. 00 852 1. 00 X 
1. 8 N. D. 26 1. 18 • 29 70 1. 63 64 1.60 1360 1. 60 957 • 
27 1. 14 • 36 74 1. 72 64 1. 60 1520 1. 78 1588. 
28 1. 15 • 47 67 1. 56 51 1. 28 1000 1. 17 2306. 
29 1. 35 • 22 40 1. 00 40 1. 00 892 1. 00 X 
30 1. 02 • 59 81 2.03 82 2.05 1740 1. 95 3045. 
31 1. 00 .65 76 1. 90 72 1. 80 1440 1.61 3828. 



































PLUS X #58 lM 5V 
-2 
5. 464 X 1 0 M c 
Fog ASA ASA . 5 . 5 H&D H&D 
Level Speed S. R. Speed S. R. Speed S. R. 
1. 41 . 23 
1. 24 . 31 
1.1 0 .38 
1.12 .48 
. 1. 44 . 22 
1. 06 . 57 
1. 0 5 .65 
1. 0 5 .67 
l. 44 . 23 
1.32 .25 
1.28 · .33 
1.22 .41 
































• 4 9 
.63 
43 l. 00 
58 1. 35 
60 1.3 9 
68 l. 58 
4 0 1. 00 
6 9 l. 73 
6 9 1.73 
60 1.3 9 
41 l. 00 
56 l. 37 
62 l. 51 
59 l. 44 
52 l. 00 
6 9 1. 33 
65 l. 25 
6 0 1.15 
46 l. 00 
67 l. 46 
72 1.57 
65 1.41 
54 l. 00 
74 l. 37 . 
56 l. 04 
5 0 . 9 3 
44 1. 00 
62 l. 40 
68 l. 55 
70 l. 59 
40 l. 0 0 
7 9 l. 98 
61 l. 53 
42 1. 0 0 835 l. 0 0 
6 0 1. 43 12 00 l. 44 
68 l. 62 1440 l. 73 
68 l. 62 136 0 l. 63 
36 l. 00 776 l. 00 
66 1.83 1360 1.75 
66 l. 83 1380 l. 78 
50 l. 3 9 1320 l. 7 0 
36 1. 0 0 7 9 5 1. 00 
46 l. 28 9 80 l. 23 
46 l. 28 9 8 0 l. 23 
52 l. 44 1 048 l. 31 
42 l. 00 832 1. 0 0 
58 1.38 1175 1.41 
63 1.50 ll50 1.38 
51 1.21 1048 1.26 
36 l. 0 0 832 
63 1. 75 ll50 
60 l. 67 1200 
64 l. 78 1240 
51 l. 00 915 
51 1.00 12 00 
63 l. 23 1280 
52 l. 01 1200 
43 1. 00 852 
56 1. 3 0 ll2 0 
58 l. 35 12 00 
7 0 1.63 13 0 0 
36 l. 00 7 9 5 
72 2. 0 0 1320 
63 l. 75 1240 
1. 0 0 
l. 38 
l. 44 
1. 4 9 
l. 00 
l. 31 
l. 4 0 
l. 31 



















6 0 5. 
1·0 06. 
1456. 

















3 98 . 
526. 
65 9. 
Curve t Fog Filters N o . L evel 
#47b l l. 36 . 24 
2 l. 32 . 27 
3 l. 20 . 31 
4 l. 18 . 38 
5 l. 40 .22 
6 l. 20 . 40 
7 l. 22 . 40 
8 1. 20 . 45 
#47b 9 l. 38 • 23 
+. 9 N.D. 10 L 32 · • 28 
ll l. 24 . 30 
12 l. 18 • 37 
13 l. 34 . 23 
14 l. 20 . 43 
15 l. 16 • 48 
16 l. 16 • 48 
#47b 17 l. 42 . 23 
+l.5N.D. 18 L 32 • 27 
19 l. 28 • 30 
20 l. 22 .35 
21 l. 42 . 23 
22 l. 22 . 38 
23 l. 18 . 45 
24 l. 18 . 45 
#47b 25 1. 34 . 23 
+l. 8 N.D . 26 l. 34 . 25 
27 l. 28 • 27 
28 l. 24 .30 
e 29 l. 38 . 22 30 l. 20 . 36 
31 l. 12 • 41 
32 l. 14 . 40 
PLUS X #47b lM 5V 
-2 
5. 464 X l 0 M c 
ASA ASA .5 . 5 
Speed S.R. Speed S.R. 
37 1. ·oo 31 l. 00 
45 l. 22 38 l. 23 
5 0 l. 35 41 l. 32 
63 l. 70 40 l. 29 
33 l. 00 33 l. 00 
58 l. 76 37 l. 12 
53 l. 61 36 l. 09 
48 l. 45 35 l. 06 
43 l. 00 2 9 l. 00 
54 l. 26 30 l. 03 
56 l. 30 42 l. 45 
68 l. 58 44 l. 52 
36 l. 0 0 31 l. 0 0 
66 l. 83 38 l. 23 
63 l.75 43 l. 39 
60 l. 67 47 l. 52 
46 l. 00 28 l. 00 
56 l. 22 32 l. 14 
58 l. 26 36 l. 29 
58 L 26 46 l. 64 
36 l. 00 35 l. 00 
54 l. 50 41 l. 17 
58 l. 61 42 l. 20 
51 1.42 45 l. 29 
41 l. 0 0 32 1.00 
51 1. 24 33 l. 03 
58 l. 41 38 l. 19 
59 l. 44 38 l. 19 
41 l. 00 30 l. 0 0 
60 1.46 44 l. 47 
58 l. 41 46 1..53 
57 l. 3 9 47 l. 57 
114 
H&D H&D t 
Speed S . R. Con t. sec. 
677 l. 00 X 
742 l. 10 2.6 
892 l. 32 4.4 
832 l. 23 6.4 
677 l. 0 0 X 
814 l. 20 8.4 
6 92 l. 02 10.3 
724 l. 07 12. 0 
660 l. 00 X 
724 l. l 0 56. 
852 l. 29 9~. 
892 l. 35 135. 
708 l. 00 X 
820 l. 16 l 79 . 
872 l. 23 224. 
872 l. 23 256. 
677 l. 00 X 
776 l. 15 363. 
814 l. 20 604. 
935 l. 38 875. 
708 l. 00 X 
935 l. 32 1155. 
915 l. 29 1449. 
915 l. 29 1650. 
692 l. 00 X 
708 1~02 1200. 
814 l. 18 1980. 
852 l. 23 2880. 
677 l. 00 X 
9 15 l. 35 3780. 
955 l. 41 4800 . 
1070 l. 58 5460. 
Curve ~ Fog Filters No. Level 
uv 1 l. 36 .21 
2 l. 31 . 25 
3 l. 34 . 29 
4 l. 19 • 31 
5 1. 46 . 22 
6 l. 22 .35 
7 l. 18 . 36 
8 l. 23 . 3 7 
uv 9 l. 42 . 23 
.3 N.D. 1 0 l. 33 . 25 
ll l. 28 . 26 
12 l. 27 . 31 
13 1. 50 . 2 2 
14 1. 18 . 34 
15 l. 28 . 37 
16 l. 26 . 3 9 
uv 17 l. 51 . 23 
. 9 N.D. 18 l. 44 . 25 
1 9 l. 36 . 27 
20 l. 28 . 29 
21 l. 42 .25 
22 1. 32 . 35 
23 l. 34 . 36 
24 l. 33 .37 
uv 25 l. 42 . 21 
1. 2 N.D. 26 l. 3 0 .24 
27 l. 37 . 25 
28 l. 28 . 26 
2 9 l. 48 . 26 
30 l. 3 0 . 30 
31 l. 28 .3 0 
PLUS X UV 1M 5V 
-2 5. 4640 X 10 M c 
ASA ASA .5 
Speed S.R. Speed 
43 l. 00 41 
56 l. 30 43 
55 1. 28 43 
68 1. 57 55 
43 1.00 32 
60 l. 40 55 
51 l. 19 57 
55 1. 28 45 
4 0 l. 00 30 
42 l. 05 38 
45 l. 15 39 
62 l. 55 41 
34 I. 00 28 
52 l. 53 53 
4 9 1. 44 41 
45 l. 32 4 0 
3 8 l. 00 28 . 
43 l. 13 35 
47 l. 24 40 
51 l. 34 56 
41 l. 00 34 
5 0 l. 22 42 
4 9 l. 20 38 
47 1. 15 40 
32 l. 00 32 
41 l. 28 36 
44 l. 37 41 
45 l. 40 35 
38 l. 00 28 
51 l. 34 40 
53 l. 39 44 
115 
. 5 R&D R&D t 
S.R. Speed S. R. Cont. sec. 
l. 00 862 1. 00 X 
l. 05 9 55 1.11 16. 5 
1. 05 872 .90 27.5 
1. 34 ll20 1. 29 39.8 
1. 00 692 1. 00 X 
l. 72 1000 l. 40 52. 5 
l. 78 1070 l. 55 65.9 
l. 40 852 l. 23 75.0 
1. 00 631 l. 00 X 
l. 26 776 l. 23 82. 5 
l. 3 0 852 l. 35 137. 
l. 36 814 l. 29 199. 
l. 00 631 l. 00 X 
l. 87 ll20 l. 77 263. 
l. 47 7 9 5 l. 26 329 . 
l. 43 776 l. 23 375. 
l. 00 6 02 l. 00 
1.25 724 l. 2 0 43 9 . 
l. 43 776 1.29 731. 
2. 0 0 980 l. 63 1 0 58. 
l. 00 6 92 l. 00 X 
l. 50 892 l. 2 9 13 98 . 
l. 36 7 95 l. 15 1753. 
l. 43 795 l. 15 19 9 7. 
l. 00 645 l. 00 X 
l. 14 724 l. 12 1450. 
l. 28 832 l. 29 2413. 
l. 09 892 l. 38 3494 . 
l. 00 575 l. 0 0 X 
l. 43 8 52 1. 48 4615. 
l. 57 935 l. 63 5788 . 
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MICROFILE D-23 WHITE 1M SV 
5. 4640 X 10 -2 MC 
e \ Curve Fog ASA ASA • 5 . 5 ¥ H&D H&D t Filters No. Level Speed S. R. Speed S. R. Speed S.R. Cont. sec. 
1 2.17 • 17 0.76 1. 00 0. 76 1. 00 17. 8 1. 00 X 
2 1. 77 . 37 2.20 2.89 1. 20 1. 58 29.6 1. 66 14 
3 1. 61 • 42 2.30 3.03 1. 58 a .o8 3.6. 4 2.04 16 
4 1. 63 • 47 2.10 2.76 1. 74 2.29 34.0 1. 91 18 
White 9 2. 52 .19 0.66 1. 00 0.55 1. 00 13. 8 1. 00 X 
• 9 N.D. 10 1. 98 • 25 1. 37 2.08 1. 02 1. 85 23.4 1. 70 85 . . 
11 1. 72 • 29 2.00 3.03 1. 35 2.45 31.6 2.29 138 
12 1. 60 • 35 2.45 3. 71 1. 74 3.16 39.8 2.88 180 
13 2. 16 . 19 0.76 1. 00 0.74 1. 00 17.4 1. 00 X 
14 1. 49 • 37 3.45 4.54 2.13 2.87 47. 8 2. 75 213 
15 1. 48 . 39 3.40 4.47 2.50 3.37 53.7 3.09 255 
16 1. 51 • 41 3.20 4. 21 2.60 3. 51 56.2 3.23 298 
White 17 2.15 • 18 0. 71 1. 00 0. 76 1. 00 18.2 1. 00 X 
L 5 N.D. 18 1. 86 • 23 1. 90 2. 68 1. 44 1. 89 32.4 1. 78 620 
19 1. 74 • 28 2 ~ 35 3. 31 2.75 3.62 39.0 2.14 930 
20 1 • . 62 • 31 3.40 4.79 2.30 3.02 so. 0 2.75 1240 
21 2. 26 • 20 6.64 1. 00 0.76 1. 00 4:9 .. 6 1. 00 X 
22 1. 58 .35 3.45 5.39 3.25 4.28 70.8 4.19 1550 
23 1. 54 • 38 3.80 5.94 3.50 4.60 78.6 4. 65 1860 
24 1. 56 . 38 3.70 5.78 3.40 4.47 78.6 4.65 2170 
White 25 2.10 • 17 0.68 1. 00 0.70 1. 00 16.8 1. 00 X 
1. 8 N. D. 26 1. 57 • 24 2.40 3.53 1. 90 2. 71 39.8 2. 37 2400 
27 1. 58 • 30 2.70 3.97 2.60 3. 71 52. 0 3.09 3600 
28 1. 37 . 31 5.00 7.35 4.05 5.79 89.2 5.31 4800 
29 2.35 .17 0. 71 1. 00 0:~ 60 1. 00 14. 8 1. 00 X 
30 1. 53 • 36 3.78 5.32 3.40 5.67 81.4 5.50 7200 
31 1. 58 .37 3.95 5.56 3.60 6.00 79.5 5. 37 8400 
lf7 
MICROFILE D-23 #25A 
5. 464 X 10 
-2 
MG 
Curve ~ Fog ASA ASA . 5 • 5 H&D H&D t Filters No. Level Speed S.R. Speed S.R. Speed S.R. Cont. sec. 
#25A 1 2.-_lD . 17 0. 68 1. 00 0.70 1. 00 16. 8 1. 00 X 
2 1. 75 . 28 2.00 2 . 9 4 1. 03 1. 47 25.8 1. 54 90 
3 1. 62 • 34 2. 9 5 4. 3 4 1. 15 1. 64 31. 0 1. 85 120 
4 1. 57 • 39 3.00 4. 41 1. 44 2. 06 34.0 2.02 1 50 
5 1. 8 9 • 18 0.68 1. 00 0.74 1. 00 16. 8 1. 00 X 
6 1. 36 • 42 3.20 4.71 2.40 3.24 40.8 2.43 180 
7 1. 36 . 45 3.45 5. 0 7 2.50 3.38 40.3 2.40 210 
8 1. 38 . 47 3.37 4. 9 6 2.30 3.11 40. 8 2.43 240 
#25A 9 2. 12 . 1 9 0.62 1. 00 0.70 1. 00 16. 6 1. 00 X 
. 9 N.D. 10 1. 47 • 28 2. 81 4. 53 1. 44 2.06 38.0 2.29 330 
11 1. 50 .35 3.00 4. 8 4 1. 58 2.26 38.0 2.2 9 440 
12 140 . 40 3.08 4. 9 6 2. 13 3.04 47.8 2.87 550 
13 210 .18 0.66 1. 00 0.72 1. 00 16. 8 1. 00 X 
14 1. 37 . 43 3. 01 4.56 2. 90 4. 02 . 52.5 3.12 660 
15 128 . 46 3 . 45 5. 2 3 4.00 5.56 72.4 4. 31 770 
16 1. 24 • 46 3.95 5. 9 8 3. 60 5.00 63. 1 3.76 880 
#25A 17 2.19 • 1 7 0.69 1. 00 0.79 1. 00 18. 2 1. 00 X 
1.5N.D. 18 1. 60 • 30 3.45 5. 0 0 2.23 2. 82 39.8 2.19 930 
19 1. 48 • 34 3.49 5. 0 6 2.50 3.17 57.5 3.16 1240 
20 1. 34 . 40 3.62 5. 2 4 3. 60 4.56 73.0 4. 01 15 50 
21 2.18 .18 0.70 1. 00 0.78 1. 00 16. 2 1. 00 X 
22 1. 36 . 47 3. 53- 5. 0 4 3.00 3.85 74.2 4.59 18 60 
23 1. 26 ~ 47 4.35 6. 2 2 4.00 5.13 89.2 5. 51 2170 
24 1. 26 • 50 4.65 6. 6 4 3.70 4.74 9 5. 5 5. 90 2480 
-. .·~ ·~ 
#25A 25 1. 98 .18 0. 71 1. 00 0.76 1. 00 17.4 1. 00 X 
1.8N.D. 26 1. 48 • 29 3.30 4. 6 5 2.40 3.16 47.8 2.75 2$0 
27 1. 37 • 34 3.22 4. 54 2.95 3.88 56. 2 3.23 3420 
28 129 • 3 9 3.96 5. 57 3. 60 4.74 83.2 4.78 4260 
29 1. 86 .18 0.6 9 1. 00 0.79 1. 00 18. 2 1. 00 X 
30 132 • 43 3.20 4. 6 4 3.90 3.67 79.5 4.37 5130 
31 1. 35 .45 3.45 5. 0 0 3.80 4.81 83.2 4.57 5940 
3.2 1. 25 • 47 3. 96 5. 7 4 4.05 5.12 93. 5 5.14 6840 
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Microfile D-23 #58 1M 5V 





'({ Fog ASA ASA • 5 • 5 H & D H&D t Filters No. Level Speerl S.R. Speed S. R. Speed S. R. Cont. sec 
#58 1 2.18 • 19 0.74 1. 00 0.84 1. 00 19.6 1. 00 X 
2 1. 99 • 21 1. 02 1. 38 1. 09 1. 30 23.0 1.17 30 
3 1. 94 .25 1. 07 1. 45 0.95 1.13 26.4 1. 3 5 40 
4 1. 88 . 25 1. 34 1. 81 1. 17 l. 39 31. 0 1. 58 50 
5 2.12 .19 0. 71 1. 00 _o-:.66 1. 00 17.4 1. 00 X 
6 1. 79 . 29 2. 00 2.82 1. 17 1. 77 31.6 1. 82 60 
7 1. 63 . 3.5 2.08 2.93 1. 74 2.63 37,2 2.14 70 
8 1. 64 .35 2..00 2.82 1. 66 2.. 51 33.2. 1. 91 .80 
#58 9 .2.24 • 19 o. 65 1. 00 0.68 1. 00 15. 8 ~- 00 X 
• 9 N.D. 10 1. 88 • .21 1. 22 1. 88 1. 05 1. 54 24.6 1. 56 165 
11 1. 74 . 27 1. 51 2.32 1. 26 1. 85 28.2 1. 81 220 
12 l. 58 • 33 3.20 4. 92 1. 66 2.44 39.0 2.46 .275 
13 2. 21 . 19 o. 71 l. 00 0.59 1. 00 14.4 1. 00 X 
14 1. 43 • 38 3.37 4.75 2. 6.0 4. 41 49.0 3.40 330 
15 1. 4Z • 43 3.30 4. 65 2.60 4. 41 56. 2 3.90 385 
16 1. 44 • 43 3.30 4. 65 2.50 4.24 57.6 4.00 440 
#58 17 2. 06 • 20 0.81 1. 00 0.82 l. 00 19. 0 1. 00 X 
1. 5 N.D. 18 1. 68 • 23 2.00 .2. 4 7 1. 51 1. 84 35. 6 1. 87 960 
19 l. 68 . 25 2.55 3.15 l. 95 2.38 42.6 2.24 1280 
20 1. 60 . 28 3.30 4.08 2.45 2.99 54.8 2.88 1600 
21 2.08 .19 0.66 1. 00 0.74 l. 00 16.6 1. 00 X 
22 l. 46 • 31 3.30 5. 00 2.90 3. 92 68.0 4.10 1920 
23 1. 44 • 33 3. 60 5.45 3.30 4.46 74.2 4.47 2240 
24 1. 44 • 35 3.95 5.98 3.60 4 • .86 81. 0 4.87 2560 
#58 25 2.07 • 17 0.69 1. 00 0.76 l. 00 16. 8 1. 00 X 
1.8N.D. 26 1. 41 • 30 3.20 4.64 3.20 4. 21 72.4 4.30 5860 
27 2. 03 • 18 0.75 l. 00 0.77 l. 00 1:6.8 1. 00 X 
28 1. 50 .35 3.45 4.60 3.50 4. 93 83.2 4.95 7032 
29 l. 54 • 40 3.60 4 •. 80 4.15 5.39 84.2 5.02 8200 
30 l. 58 • 39 3.95 5. 27 3.70 4 • .81 83.2 4.95 9376 
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MICROFILE D-.23 #47B 
• 5 & 1. 0 Meters 
e Curv ,e 
" 
Fog ASA ASA • 5 . 5 H&D H&D t 
Filters No. Level Speed S.R. Speed S.R. Speed S. R. Cont. sec. 
#47B 1 2.14 • 20 0.69 1. 00 0.74 1. 00 18. 6 1. 00 X 
• 5 Meter 2 162 • 30 2. 60 3. 7 7 2.18 2.95 45.6 2.45 360 
3 1. 47 . 42 3.90 5. 6 5 3.30 4.46 69.2 3.72 600 
4 1. 44 • 47 4.50 6. 52 3.80 5.14 98. 0 5.27 840 
#47B 5 2. 0 8 • 1 7 0.69 1. 00 0.68 1. 00 16. 2 1. 00 X 
1 Meter 6 1. 58 • 28 3.10 4. 4 9 2.65 3.90 57. 5 3.55 1,800 
7 1. 58 . 37 3.30 4. 7 8 3.00 4. 41 69.2 4.27 2,400 
8 1. 58 • 41 3.50 5. 0 7 3.30 4.85 74.2 4.58 3,000 
#47B 9 2. 2 5 • 20 0.78 1. 00 0.70 1. 00 17. 8 1. 00 X 
• 3 N.D. 10 1. 85 . 35 3.50 4. 4 9 3.10 4.42 69.2 3. 8•9 7,380 
11 1. 90 • 40 4.00 5.13 3. 60 5.15 79. 5 4.46 9,900 
12 1. 86 • 50 3.50 4.54 3.50 5.00 75.8 4.25 15,300 
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~ 
MICROFILE D-23 U. V. 
0. 5 & 1. 0 Meters 
Curve ~ Fog ASA ASA . 5 • 5 H&D H&D t Filters Level Speed S.R. Speed S.R. Speed S. R. Cont. sec. 
u.v. 1 2.23 . 20 o. 76 1. 00 0.7Z 1. 00 16.8 1. 00 X 
• 5 Meter 2 1. 51 .34 3.40 4.47 2.95 4.10 72.4 4.30 720 
3 1. '48 • 45 3.70 4.87 3.40 4.73 79.5 4.73 1080 
4 1. 50 • 51 3.50 4.60 3.60 5.00 83 • . 2 4.95 1440 
u.v. 5 2.38 .19 o. 69 1. 00 0.70 1. 00 15. 2 1. 00 X 
1 Meter 6 1. 84 . 27 2.60 3.77 2. 18 3. 12 46.8 3.10 3600 
7 1. 80 .32 3.00 4.35 2. 56 3.66 52._4 3.46 4800 
8 1. 79 . 37 3.10 4.49 z. 74 3.92 56.2 3.72 6000 
9 2.04 . 19 0.72 1. 00 0.78 1. 00 17.8 1. 00 X 
10 1. 76 . 37 3.00 4.17 2. 81 3.60 67.6 3.80 7200 
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MI CROFILE WHITE LIGHT MICRO DOL 1M 5V 
5. 4640 X 10 -z MC 
Curve X Fog ASA ASA • 5 • 5 H&D H&D t Filters No. Level Speed S. R. SpeedS. R. Speed S. R. Cont. sec. 
1 1. 61 . 20 0.42 1. 00 0.35 1. 00 7.42 1. 00 X 
2 1. 33 • 37 0.60 1. 43 o. 41 1. 17 10.48 1. 41 20 
3 1. 41 • 41 0.6 9 1. 64 0.36 1. 03 9.55 1. 29 24 
4 L 42 • 44 0.71 1. 69 0. 35 1. 00 8.32 1. 12 28 
5 1. 73 • 20 o. 41 1. 00 0.32 1. 00 6. 9 2 1. 00 X 
6 1. 36 • 46 0.76 1. 85 0.32 1. 00 9.55 1. 38 32 
7 1. 42 • 47 0.85 2. 0 7 0.33 1. 03 9. 60 1. 39 36 
8 1. 26 . 56 0.89 2.17 0.44 1. 37 10. 22 1. 48 46 
• 9 N .D. 9 1. 41 • 18 0.34 1. 00 0.30 1. 00 6.60 1. 00 X 
10 1. 36 • 20 0.43 1. 26 0.30 1. 00 8.14 1. 23 8 = . -
11 1. 22 • 21 0.50 1. 47 0.33 1. 10 10.00 1. 52 138 
12 1. 16 ~22 1. 02 3. 0 0 0.46 1. 53 11. 20 1. 78 180 
13 1. 33 .1 7 0.37 1. 00 0.36 1. 00 8.52 1. 00 X 
14 1. 24 • 23 0. 81 2.19 0.45 1. 25 12.40 1. 46 213 
15 1.16 .25 o. 91 2. 4 6 0.50 1. 39 11. 50 1. 35 25 5 
16 1. 21 • 24 1. 14 3. 0 8 0.53 1. 47 11. 00 1. 29 -29'·8 
1.5N.D. 17 1.11 . 1 7 0.32 1. 00 0.36 1. 00 7.76 1. 00 X 
18 0. 91 • 19 0.48 1. 50 0.47 1. 30 11. 50 1. 51 62 0 
19 0.77 • 20 0.7 9 2.47 0.63 1. 75 16.70 2.15 93 0 
20 0. 76 • 23 1. 69 5. 28 0.72 2.00 16.40 2.12 1240 
21 1. 15 . 1 9 o. 31 1. 00 0.39 1. 00 8.32 1. 00 X 
22 1. 01 • 25 o. 98 3.16 0.42 1. 08 13.20 1. 59 1550 
23 Q. 9 4 . 25 2. 62 8. 4 5 0.72 1. 85 18.60 2.24 186 0 
24 a. 9 6 • 25 2.46 7. 9 3 0.81 2.04 16.80 2.02 2170 
1. 8 N.D. 25 1. 15 . 17 0.30 l 00 0 .27 1. 00 6.45 1. 00 X 
26 1. 01 .19 0.65 2.17 0.36 1. 33 10.22 1. 59 2614 
27 0. 9 0 • 22 0.95 3.17 o. 60 2.12 13. 80 2.14 3624 
28 a. 89 • 2.2 1. 90 6. 3 4 0.66 2.44 16. 20 2. 51 483 2 
29 1. 28 .1 7 0.30 1. 00 0.33 1. 00 7.24 J..OO X 
30 o. 7 9 . 23 1. 77 5. 9 0 1. 78 5.40 27/JO 3. 82 72:48 
31 o. 6 3 .23 2.03 6. 7 7 2.18 6.61 51.20 7.07 8456 
32 o. 7 0 . 27 1. 90 6. 53 1. 99 6.03 40.80 5.65 96 0 0 
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MICROFILE #58 MICRODOL 1M 5V 
' -2 5. 4 64 X 10 MC e 
Curve 
'6 · Fog ASA ASA . 5 . 5 H&D H& D t Filters N o. Level Speed S.R. Speed S.R. Speed S.R. Cont. sec. 
#58 . 1 1. 44 . 1 8 o. 31 1. 00 0.26 1. 00 6.60 1. 00 X 
2 1. 38 . 18 0.35 1.13 0. 6 0 2.30 6. 9 2 1. 05 . 36 
3 1. 20 . 2 0 0.40 1. 29 0. 67 2.58 9.15 l. 39 48 
4 1. 28 . 21 0.38 1. 23 0.36 l. 38 7.58 l. 15 60 
5 1. 62 .18 0.26 1. 00 0 .25 l. 00 5.50 1. 00 X 
6 l. 16 . 20 0.42 1. 62 0.36 1. 44 10. 0 0 1. 51 72 
7 l. 24 . 20 0.44 1. 68 o. 4 1 l. 64 9.15 l. 3 9 84 
8 1. 30 • 21 o. 51 1. 96 0.35 1. 40 8.52 1. 29 96 
#58 9 l. 44 . 18 0.35 1. 00 0.40 1. 00 7.58 1. 00 X 
. 3 N.D. 10 1. 40 . 22 0.58 1. 66 0.44 1. 10 10.22 1. 35 1 98 
11 1. 40 . 23 0.60 1. 71 0.40 1. 00 9 . 35 l. 23 264 
12 1. 27 • 23 0.91 2. 6 0 0.36 0. 90 11. 20 1. 48 330 
13 1. 44 . 18 0.34 1. 00 0.34 1. 00 7.58 1. 00 X 
14 1. 30 . 23 0.81 2. 3 8 0.39 1. 15 11. 20 1. 48 396 
15 1. 26 . 25 1.12 3. 3 0 0.58 1. 70 13.60 1. 79 462 
16 1. 19 • 24 1. 44 4. 24 0.53 1. 56 13. 20 1. 74 528 
#58 17 1. 54 .18 0.40 1. 00 0.35 1. 00 7.58 1. 00 X 
. 9 N.D. 18 1. 29 . 21 0. 9 5 2. 3 8 0.63 1. 80 12.00 l. 58 1150 
19 1. 28 . 22 1. 28 3. 2 0 0.49 1. 40 13. 80 l. 82 1536 
20 1. 34 • 25 1. 6 5 4. 1.3 0.58 1. 66 11. 50 1. 52 19 20 
21 1. 52 . 1 9 0.42 1. 00 0.35 1. 00 8.14 1. 00 X 
22 1. 12 . 28 1. 81 4. 31 1. 26 3.60 19 .80 2.44 2304 
23 1. 07 • 28 2.18 5.19 1. 62 4.63 25.80 3.17 2688 
24 1. 12 . 27 2. 31 5. 50 l. 48 4. 23 24.00 2. 9 5 3072 
#58 25 l. 27 • 1 7 0.33 1. 00 0.29 1. 00 7.24 1. 00 X 
l. 2 N.D. 26 1. 11 .18 0.78 2. 3 6 0.46 l. 5 9 11. 00 1. 52 4200 
27 1.11 .1 9 1. 09 3. 3 1 0.58 2.00 12.60 1. 74 5640 
28 o. 9 9 • 21 1. 87 5. 6 7 0.81 2.79 16.40 2.27 7000 
29 1. 50 .18 0.28 1. -00 0.25 l. 00 6. 31 1. 00 X 
30 0 94 • 23 2.23 7. 9 6 1. 38 5.52 25.20 4. 00 8400 
31 0. 99 . 23 l. 99 7.11 1. 32 5.28 21. 00 3.33 9840 
32 o. 9 2 • 26 1. 85 6. 61 2.04 8.16 24.00 3.80 112 50 
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Abstract 
The chi ef problem of this research was to study by standard sensito-
metric proc edures the effects of intensity, time and wavelength on the 
amount of speed increase which might be obtained from four represent-
ative slow, regular, high, and extra high speed emulsions (Royal Pan, 
Aerial Recon type 1-B Class L, Plus X and Microfile) by latensification. 
Latensification has been defined simply as a process applied after exposure 
and before development to increase the speed or sensitivity (reciprocal of 
the exposure required to p rPduce a given result) of an emulsion. A sec-
ondary purpose was to ·examine latensification of a very slow, fine grain 
emulsion for possible use in small high quality aerial camera systems, 
in which the emulsion graininess is the limiting factor when used with con-
ventional high speed emulsions. The latensification method in this case 
was post-exposure to radiation from 0. 36 to 0. 68 microns. This spec-
tral range was divided into four bands by the W r atten Filters #25A, 58 
and 47B, (red, green and blue respectively) and the Corning 7-54, ultra-
violet. White light was also used. 
A tungsten lamp of constant intensity, c ombined with a ground glass 
and two inch opal glass disk diffuser produced a source of uniform illu-
mination. Normally exposed sensitometric strips were then subject to 
laten sification by exposure to radiation in which the spectral region, 
intensity, and time were varied. Each emulsion was subject to four 
spectral regions plus white light and four intensity levels for each re-
gion. The exposure was then extended over a range of time believed 
sufficien t to reach a peak speed increase for that intensity. Reciproc-
ity failure was sufficient to need considerable attention. 
The characteristic curves were a n alyzed by measuring ASA, half-
gamma and inertia (H & D) speeds. The speed ratios (.latensified 
speed/ control speed) obtained for each spectral region, intensity, and 
time of exposure were compiled. Curves of speed ratio against time 
of exposure and fog level against required exposure time for each 
intensity and spectral region were plotted. 
These experiments have shown that white light may be used most 
efficiently in latensification with the panchromatic emulsions tested. In 
addition to this it has been shown that the short wavelength region is less 
effective in producing speed gains than is the long wavelength region. It 
has been explained that these effects may be due primarily to the greater 
scattering of the blue and ultra-violet light by the emulsion even though 
the Gurney-Mott theory of latent image formation would indicate other-
wise if these other influences were n ot considered. 
The overall evaluation attests to the fact that the effect of wavelength 
is a secondary consideration as compared to the intensity of radiation 
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used to latensify the emulsion. Optimum intensity, when applied with 
the proper length of exposure time to produce a fog lievel approximately 
double the normal fog, is the major factor leadin g to optimum conditions 
of speed gain. 
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The maximum speed ratio gains achieved for each emulsion were Royal 
Pan 2. 24, Aerial Recon 1. 85, Plus X 2. 08, and Micro file 7. 3 5. Generally 
speaking the slower the emulsion the better the gains which may be achieved. 
Royal Pan, however, was an exception and produced unexpected results in 
speed gain . 
The results obtained with Microfile indicate this fine grain emulsion may 
possibly be employed in miniature camera systems for use in aerial photog-
raphy. A less active developer than normally used D-11 must be used to 
reduce contrast to a comparable degree ordinarily used in aerial photogra-
aphy. The effect of forced development in D-11 was found not to produce 
speed gains as high as the less active development in D-23, Development 
in Microdol (1 :4) proved of little interest as speed loss was excessive. 
This speed loss is characteristic of most true fine-grain developers. 
